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introduction: The Past Is Prologue 


Maintaining a Tradition of Excellence 
and innovation 


bor more than a quarter of a comtury the Natroanal Soromec 
Hoard s \some & Lagmmeerong lndu ators Topott sores has 
hoon a chramcler of key trends m screnee and cngmoc+rng 
rewearch and education As the | nited Mates hogins the tran. 
dist century and ime 4 knoe lodge -hased 
ooonemm. ns warthe tule to cxamane the sqgnificami changes 
» the ascnoe and tochnolagy (SA 1) omerprise that charac 
teruze the current ponad Masry of the maucs faced at the time 
of the Board's fut ropart, Sonew indicators 1972), endure 
(io omportant aspects of the future will he at beast partially 
dete coaned by the SAT resources math human and finan 
nm whack the Natron has already imested 
o anabysrs of hestancal trends rs powssbic duc to the fore: 
wight of scrence policy leaders on the past The collection and 
analy ws of quantitative information as 4 haces for policy and 
docrmonmaking *as an imogral compancet of the Nations 
SKoence foundation's (NSPS) mandate from the outect Ir 
orepanng NSIS first full-year budget for frcal your 19S. 
the Satvanal Science Hoard allocated $! mullban of its ap 
oroxumately $13 $ millon roquest for a survey of the boderal 
Government s financing of research and developmen (RAD) 
in 1943.54. NSP extended ms surveys hevand the hederal 
Cancrament to cncompass roscarch support and performance 
noundustry. colleges and unnvematies and other organizations 
A: shout the ame time,  metiatod the first mm 2 sores of 
huti.an rosurod surveys 
Through these studies. a NST s 1957 anneal reper 
emphasized “the houndation has prnided a new kind of 
measurement of natbanal CCOmaTN strength ~ Thes quate from 
a document published ov cr four dev adcs ago 1 as appropnatc 
onde as ot was then Many of the undacators that were devel: 
oped at that time arc wall veewed as cescntial wavs of mcasut 
ing naponal S&T capabilites and coc worm strength As temes 
change the nood for addsponal data and indicators has evolved 
along with the need for greater claboratbon and disaggreg2: 
nen of many of the previous data trends This onformatian 
and analy ws cnabic a hettct understanding of the various char: 
acterrsics of the SAT onterprise inchuding who the vancus 
partacepants arc. patterns af collaheranon. and umpacts on the 
broader scot) 
The 1957 annual report. whch im buded a Chaptcr summa 
ning NSE survey actremtics and haghhghting future sarc 
plans stressed the Contratity of thes work to the agency + mm 


when oto the 


has rowcarch and oducatian in the creme. the Natanal “> 
ome bowndatran devckaped and has comtenucd its surveys ol 
the LS. RAD cffart m various scoters ot the cooncmm These 
studies and surveys provide a sold hase for analyses. conch: 
oan and rooammendatrans COMETH SAT rowurces 


Responding to Expanding User Needs 


The Satanal Socnce houndatan Act of )9S0) as amended 
castes that the Board is responsible for rendering to the Press- 
dent for subminwan to Congress in cach ocn-numbered year 
» report on indicators of the state of science and cnginccnng 
un the Unsted States (Sec 4 (y)]!)) The current meuc, \ seme 
1908 os the | Mh om the tonne! 


is part of the Board's langer respomssbality m the arca of na 
nonal «cacnce and tochnolagy policy 

The Act further autharuzes the Board to advise the Pres: 
dem and Congress on matters of “rome and chgimoc#ring 
palcy (Sec 4 (yf2)) in acoord with thes broader obhigatian 
the Hoard has determined to prepare a senes of cocassonal 
Papers Commenting an sclocted trends m the /adicaters te 
nat to focus attention on msues of particular curren and kong: 
term concern regarding the Nation's science and enginecring 
cmoctpris 

Gawernments at all levels and nongovernmental orgam7za- 
tans on the United States as well as om many other countries 
are increasingly concerned asth accountability and 
honchmark ing acts tees W oth the advent of the Cowernment 
Performance and Results Act (OPRA) the development of 
reliable output and impact indicators for inchasson wn the Scr 
once & Engineering Indicators topon senes has become even 
more important Soren A bagrmecrimg Indic ators lwue 
provides data and information thas can be useful as a general 
framework of source of Complementary information as \ar- 
ous organizations devolap ther can specific performance 
umd ators 

The conceptualizahoen of new Types of quantitatn ¢ infor: 
enation to charactenze emerging aspects of the science and 
cngincering emerprise and the npacts has had » signif 
cant influence on the cvotutan of undecatars methodology i: 
«lt SK sence & Engineering Indicators / 988 Comtunues this 
tradipon with anew chapter titled ~hoonomnc and Socal Sig- 
erfrcance of Infermanan Tochnobagecs There ms an moreas- 
ing need to understand and communcate more cffectreh 
und efficsently the contributions and outcomes of acrence and 


Gn chopeng arcas opaomized by informatan tochmokagaes The 
Hoard hehoves that the anew chapter whoch addresses hoth 
powine and legate aspect of mmianmnatan tochnolagies 
Mako a wagnt cant Contnbuban toward synthesizing and crys 
tallizeng what © currenth known shout the emportant tapi 
Hogemmeng on the late 14S NSE 6 annual reports devoted 
mrcasing attontan to the imematanal contest of | So wr 
ome and ongmnecrng. particularly following the launching 
of Spetnek | by the Sovect Liman on Octaher 1957 Reflecting 
the ompertance of COMmparatne omtermnahanal information. \ :- 
ome indwaters 19°) included data on RAD expenditures 
of soveral major foreign countnes Coverage of mnternabanal 
tops has hoon onhanced « ob cach succeeding odstion of the 
report. as has ets enternatonal rcadersiup “Noteng "he morcasc 
mm the globalizahen of scrence and tochnelagy and the m- 
teased umterdependence of the warid + coonomecs. the Hoard 
dev oded to make intematanal companvwans and ghohal trends 
a mapot thome of the Ncmce & Lageecering Indicators 
v¥s ropet The growing avarlabelity of internationally com- 
peratic datars om large measure = the result of close wort- 
im telabonstups devclaped inet mam vears hetecen NSE 
stall and thes Counterparts mm other countnes who are also 
engaged un the collection and analyse of indicators data Sev - 
otal multrnabonal organizations alxo Contribute substantially 
‘omakeng such data available These unchade the Organmatan 
ior boonems Co-aperapen and Development (OBCD). the 
| ovted Nahom booname. Scoentifix. and Cultural Orgam- 


ratvon (UNE SOO) the European Umon (bL). the Pacifix 
Looneme Coapershen Counce (PICO) the Assan Pacifx 
tconemn Cooperation (APEC). the InterAmercan 


imerfheran Scoence and Tochnolagy Network (RIC YT). and 
the Ongamathon of Amencan States (OAS) 

In fOCagntran of the mnorcasung atientan workdw ide to the 
importance of developing SAT undicators. as well as NSE 
imernatonal leaderstup mm this cffon. NSE and OCD orga- 
mized an internatbenal workshap on the | sos of Scrence and 
Tochnotogy Indicators for Decrsonmaking and Pranty Sct- 
tng. thes was held at NSP headquarters from September 7-9. 
19” ( laude Machell-Kernan, Charman of the Scrence & 
Engineering Indicatarn Subcammuttice. ropresented the Na- 
anal Scrence Hoard as a co-host of the mocting and stressed 
the growing empertance of imicrnatonal comparinonm The 
ropresentatncs from 28 cowntnes and s\ intemnahanal orga- 
mizahom who particepated on the vont strangh concurred 

Today. the need for quantitative data to assist im 
dec rsommaking 6s cven stranger than rt was when the Board 
forst hogan the cffort The lS sceence and technolagy onter- 
prise mon trameton The country 1 changing its parties for 
RAD wrvestment and faces budgetary comstramts in many 
sectors Addmonallh. the Lanted States and the rest of the 
workd = part of an increaungh global coonemy Science 
and cngmecring act macs have always had a ghohal demen- 
won, but thes ms now intemufying Scrence d Lagineering in 
dicators /998 aot only emphasizes international 
compannsom. but also prow ides data and analvecs related to 
all of the abowe omportant tapacs 

With the growth of the srence and cngmnecering omterpriee 


cnet the past decades and of publx rocagmitan of its umpor- 
tame to cconama and socsal well-teung. the audience for the 
Keone A bLageecrong Indicator roports and the nood for 
new data and analyses have capanded To make thew data 
mare acoowiblc to thes growing audbence. the ontire report is 
mm available in cloctromx format(: bap www asf go she 
1s “tats bom) as well as om hard copy 


Additional New Features of This Report 


In the tradmen of prevsows roparts. \ seme A Lageacer 
omg Inds ater, | 0¥8 comtains a number of new features and 
indaxcatorns in addytan to cnhanced intematbanal Compansans 
and anew chapter an the sagnificance of informahan tech- 
nolagecs. these new features imc bude the follow ung 
@ enpeood imernanonal periormance incscatons of procodigge 

sence and mathematics oducaton. curncula, and teacher 

Proparahon 
@ increased attention to and new indicators of international 

SAT motulity. such as forengn partcepation in the SAT 

acti ies of the Natbon mntcmational cngineenng programs 

on the  nsted States. and the reverse flow of screntests and 
chgmecrs to Asta. 

@ enhanced cov crage of the wtuathon of recent graduates and 
posidactoral wrontists and cngimecrs 

@ coverage of the restructurng of the Gefense industry and 
its empact an the Nabans SAT cmerprisec. 

@ cahanced and new indicators of intersectoral and interna. 
vonal collahorahoms partnersh ps. 


@ expanded coverage of the service sector. 
@ new venture capital undicators. 
@ new indicators of Imternct and World Wide Web us. 


@ indcator: of the ompacts of imformatan technolagies on 
rence. mathematics and cnginecning cducaton. imchud- 
ong soe aftonban to drtanoe bearneg on higher cducaton 


@ petential future requirements for information technology 

empin ment and 
@ analy ees of access to the latest informanon technologies 

and then potential empact on partx eaten m «rence and 

mathematics Careers 

Another new feature of Soremce A Lagmmecring Indice- 
tors «=—« | G98 «s the inchamon of several reflections on future 
pressures and possible tronds Coupled « ith the adentificatian 
of a number of omportant data and information gaps that de- 
serve Continuing attention 

The repart Over ies © orgamzed around four crow-cut 
ting themes that cncapeulatc sagnificant tromds in the trame- 
tren onto the Jit century Taken together, these trends 
exemplify both the condman of the scence and cngimecnng 
enterprise in the | meted States and the links hetwoen rence 
and engineering actrv ity and | Ss saxscty more broadly as the 
country prepares for a new century These trends are 


Soorce 46 ingeeewng nacators =|‘ 088 


@ lncreavng globalisation of screace. technoteg,. and the 
econemn. (Mher countries bessdes the | nted Mates are 


um costing on fenam sal and human resources for «sence and 
technology. rocagmizing that such umeostiments arc ceson- 
hal underpernen, » for wxial and coonama well-hemng in 
the ghohal coonomm indir adual scsontists and cngimocts 
industrial forms and a adem unstrtulbams arc taking ad- 
vantage of the mcroasengh unternatonal character of SAT 
as witnessed by the cnhancod international motelety of the 
SAT workforce onternatonal cosuthorstup of sentil x 
pullin atoms the do chapment of mtematonal industna! 
allamces and the ghaihal flow of technological know -homw 


@ (.reater emphaw on wreece and caginerring cduca- 
tion and traiming. Vier (ountrcs om luding the | aned 
Mates. rocagmize the empeortance of pron ding an crcelient 
oducaton te ther population on a glotal. iLnow lodge-hasod 
coonemy At the professonal level. universities m the 
| ated Mates and chwewhere face the challenge of mitro- 
ducong greater Dexstelty and becadth unto then curncula 
“) as to umprove the cmployment prospects of thew stu- 
dents at hoth the undergraduate and graduate levels More 
broadly the Nathan as a whole faces the challenge of cn- 
wuryng that its drome workforce will possess sufficsen 
technological ineracy. and its coizenry sufficrent know i- 
odge and understanding of SAT and as wxracconema 
impacts to address the rogustements of the new Contury 


@ Mrectural and prierity changers im the wicace and cn- 
gineering eaterprive. | hc dec ccamng im olvoment of the 
bederal Gcovermment relatnc to prrevate industry in pron sd- 
ing fonanceal supprert for the Nathan s RAD effort, oadent 
wince the hegenmung of the decade. perents The federal 
role romans cesential, however, m the support of hasa 
research on the acadermac soctew and on the mmtegrally lenked 
education of the country +s scrence and cnginecring 
worktorce | ven as the robe of industry in supporting RAD 
has hooame more promenent. the structure of research mm 
industry rtechf es changing. as 1s cvedent from the morcas- 
ing promenence of RAD mm the service industnes Indus. 
inal RAD sappert roma: most heath concentrated m 
apphed research and develapment as opposed to hasx 
research That pro ate industry recognizes the emportance 
of LS colleges and universities to the nathonal cmerprise 
1s dent from the mcreaseng lonks between the industrial 
and academma research sectors 


@ lncreaung empact of sciemce and techmotegy on our dail 
fers. The empact of SAT on cur daly ives 6 profound 
however difficult to track or quantify The changes broughe 
shout on the workplace «hack and homes by on formatan 


technokagees may he the most ctyscus case m poet Data 
charactenzing mary of the more emportant cflects are pre. 
sented wm chapter § of the ropert, “Looneme and Sacul 
Imphcatons of Infarmatan Tochmodogees 


Nane of the Cross-cutting themes identified as cxcmplary 
of the LS sceence and engimcermg enterprise mm the. the 
penulumate odshen of \ some A bageneering Indic ators im 
the Mth comtury « particularly novel Indeed these themes 
have hoon apparent at least in retrospect «the results of 
the surveys that NSP has hoon carrying out since the | 9Ss 
These themes «ill no dow Comtenuc to he umportant un the 
vear 0D and heyund 


A Continuing Responsibility 

A decade ago. « would have been all bt unpowubic to 
predact on am detail the uqunousness of informatan toch. 
nobagaes om oat inves Hy the same taken. it rs all but amps. 
ible to predact the effect of current SAT activity on our dashy 
lrves at the ond of the furet docade of the new century Onc of 
the few prodsctioms that the Hoard «ae make with amy cor. 
tasnty is that the four Cross-cutting theres descrited shove 
will romaen emportant after the turn of the century It 1 abso 
apparent thal no ultematc solutions ill have heen found to 
the many omportant SA IT-related sues that the Netons 
decmmonmaken and ctuzenry will face Nevertheless. the thal! 
of dcowery. the quest for know lodge. and the need to apply 
such knows ledge to human protices «ill remain 

The Seemce & Lageeeering Indicators reports are in- 
tended to pron ade the factual information on SAT resources 
needed by policymakers in government. industry. and 
acaderma in weighing policy aphans The Nabonal Scrence 
Hoard has bong pron ded high-quality quantitative mforma- 
han relevant to SAT polcy resucs through its enmal \ / 
once & Laguncering Indu ators roports The Board comuders 
these roperts to be a sturdy bases on whach to burld It row. 
tunehy rev esets thes format. the data and indicators they com- 
tain, and the implications of the trends identified 
Interacthoms with the screntifixc community and the public 
pron ide opportunities to cuamane the umphcathans of the dzta 
and anticupate what data and indicators will be needed in 
the future The Board welcomes the opportunity to develop 
ace and refined indscators to dacument the cvoluban of the 


(Sand ghabal = scence and engineering enterprise im the 
fonal vears of the 20th century and bevand 


i 


Overview: Science and Technology 
in Transition to the 21st Century 


Avil 


> 


The force of screntitic and technolagi- 
al inmevation is helping to fuel and 
hap thal new economy bat its umpact 
geacs hevond These uvestments have 
vurch) pasd off in higher paving jobs 
Netter health care stronger national 
woourn and umproved quality of lite 
tor all Amerwans They are critical 
to Americas ability to maintain our 
leadervhip in cutting-cdge industries 
that will power the global ecomomy 

of the new century 


Peowment Wasi) Coetos 
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cience, technology, and economies are becoming 
increasingly global. |)... oe 01 the map trons \ haracter, 
eng the transition unto the 21st contury |S mvestments m scrence and tech- 
oxeogy (SAT) showkd be viewed m 2 global coment The | meted States and 
mas other countnes arc wmvesting in SA) capabeltees. wath both fimancial 
wupport and human resource development Scrcnce A cngunecrng (SAE) stu- 
dents and peromnc! arc internatonalh matic Scrcntifk and tochmotogeca! 
collaheranon and allances arc increawng in both academua and induwtry The 
most effective form of SAT transfer» poopie cmituadred but technolagacal 
know -how is also transferred through dorect smesimont. patenting acts ity. the 
sale of mmtctioctual property. and trade in tochnotagy -crmtadhed products The 
follow ing highlights demonstrate the ghobalizatbon of wecmec cngmecnng. 
technology. and the coomemmy m term of growth m workdwsde SAT mves- 
ments and increased imternatronal interactions 


Many countnes are investing in scence and technology 
as a key economic strategy. 


@ The lS cooneeny comtenues to rank as the workd + largest. and the | nated 
Mates (all sectors Combined ) also spends the Largest amount for research 
and developement (RAD) Semilarh mow other industnalired and deve! 
openg countnes arc swesdting mm RAD | uropean Countnes have bong done 
<o but now Cowntnes mm Awa and the Amencas are also putting specu! 
om™mphasn on imcrcasing both human and frmancial im cvtment in SAT 


@ Expendtures on RAD performed m the Unnted States cxrcoeded $20) 
bellson for the first tome om 1997 The LU nsted States accounts for shout 44 
percent of the mdustnal worlds RAD mvestment and alms as much as 
the other G-7 cowntnes Japan. Germany. the Untied Kangdorn. France. 
italy. and ( amada) combuned in cram RAD. however. the cupend- 
tures of these 6. Countnes totaled | § percem more than nomdefene RAD 
sponding in the | nested States 


S&E education 1s increasing globally. 


@ “Mam countnes have swested m trameng ssentests and engineers from 
the mod. | 9M to the mad- 1990s the sumer of degrees im hagher oduce- 
ben mn sconce and cngumecning mcreewd raped) m Awa and t uroge Trend 
data from schected Awan Countnes show great moreascs im the sumniter of 
forst uneversety degrees m scsence and engmecring ficids for ( hema. Inds. 
japan. South Korea. Sengapore. and Tarwan Betwoen 1975 and 1995 the 
total sumiker of degrees im the natural wocnces carned by students froen 
these Countnes dowtted those im cngmocnng aimost tnpied 


From 197S to 199) the Western Luropean countries collectively more 
than dowhed thew annual production of firet unnocraty degre. in wc 
ence and engmeocring Thess mcreas on SAE degree production accurred 
dewpetc a dechmung pool of college-age students wm bt urope Participe- 
on fates in SAL degrees increased to more than offsct the dochmung 
pempulatin 


t wrope leads the | ated States and Asse om SAL doctoral degree peeduc- 
tom in 1995. dectoral degrees searded mm SAE ticks by Western and 
| astern European (ichadeng Russa) eeetetuteoms totaled 44.647 show! 
ft) percent hegher than the North Ameoncen level and almost three tomes 
as many as the quenikcr rocorded for Assan Cowntnes 


The ghatal drfftuwon of SAE oducataon has emplecatsoms for the |S hagher 
education system (Other cowuntnes mecrcasing capacity to cducatc 
vtudents in advanced levels of wsemce and cngmecnng may be onc rea- 
won for the decline om foreign student caroliment mn |S cngmocrnng 
program Adduponally the Contmmumng cipanwon of global capacsty for 
SAT cducaton may affect all nateoms. semce « mmdecates an mcrcaung 
petcnta! for tochnotagacal amd ooomomsa dev clapmment wortds ade 


The S&T workforce ts becoming more global. 


° 


The sumer of «scntets and cngmecrs cngaged m rescarch and devel. 
opment has morcaeed mm many cowntres The | S share of the teal 
oumniber: of RAD scoentests and ongemcers om the (>- > has fallen sleghth 
from 48 percent mm 148!) to 4S percent om 199) Japan had 8) ecocnteets 
and cagmmects engaged m RAD for every 10.00 person m the labor 
force 199). compared wath 74 for the Lined States 


In the past decade forengn students have accccemted for the Lange grow th 
um SAE doctoral degrees wm lS unrwersstees for the pore 199)-96. the 
peroentage of fotergn doctoral rocapecnts phannang to roma om the | asted 
Maates rncreased more than 68 percent planned to lacate m the | nated 
States. and ncarly 44 percent had firm offers to do «> Stay rates differ 
comadersity hy astonality in 1996. more than half ($7 to $9 percent) of 
SAE doctoral recepeents from ( heme aed bees rocern ing thee degrees 
from a |S mtiteteon had firm plans to «tay A emailer percentage of 
those fram Sowh Korce and Tarean (24 and 28 percent. respectivety) 
copied employment offers in the | ated States 


international modelty rsa Character of postdoctoral tevcarchern fron 
1990 to 1994S enrworeters prowsded sligith more than half of thew 
postdactora! appecntments to mom-f So cetczem Another mdscator of mm 
teTnatronal motelety ms the proportion of forergn-forn faculty m lS hegher 
oducaten In 199) 1° percent of |S cngenccnng peofewers and )* percent 


* 


wenn and art he low: to the whole 
world and before them \anith 
the Warners of nationality 


hous Woe rauan. vow Goa re 


° 
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bvery great advance 
mm scrence has sued from 
a new audactt\ of imaynation 


hous Dewey 


° 


ofl S mathomata,s and computer «sence profess were loregn-horn 
These faculty memiers arc maemly fromm Asa and burope. wath the larg. 
ew qumikers comeng from fades. ( hema the | onted Aingdom. lTarean 
( anada amd South Korea 


In 1993. almost a quarter (2) percent) of doctoral screntests and eng:- 
noers om the United States were foreign-born More than a third of 
these (34 percent) recened thew SAE doctorates from foreign 
mstitutions In general. the percentage of ummuigrants is highest in 
fecids with very good labor market comdrioms. such as cngmeocring 
and computer «icnces The highest proportion of forcign-born 
holders of doctorates was mm crvil engmecrmng ($! percent). the lowest 
was on psychology (4 percent) 


Some | S doctorate recepeents go abroad A lower-hownd cstemate of 
LS torn PhD graduates ressdeng abroad wm 1995 os 15.900 (3 3} per. 
cont of the total) If those wath LS cotuzemebhep of permanent rowdency 
at the tome of thee degrees are mchuded thes mees to 19.60014 | percent 
of the total) 


Screntific pubbcations are increasingly international 
in character. 


° 


Sence 198) the overall sumier of arteches pubteshed m a et of the workd + 
nflucntes! NAT journals row by almost 2) percent, compared wath a nw 
of & percent m articles attributed to | Ss authors The moreas comcuied 
wath the strongthoneng of SAT Capateletcs om scveral - vorid rogppom | urope 
wmetoased ots chare of pubtrdhed catpet from }) percent m 19x) to 3S per. 
oomt m 1995. reacheng a hegher share than that of the United States 
Aces s share row from |! to 1S poroont ower the pore 


Internateoma! collahoratron on sscmtiix pubvecatsams mm mcrcaung re 
flecting the globalizanen of sence Im 1995. half of the articles m a at 
ot powrnals Coveted hy the Scoence ( mtatean Inde. had multpic authors 
amd almost 4) peroent of thee mmotved mmtermnatonal colishorston 4 
Meads grow ing frachoe of mow! nator paper mnolved Coguthors from 
different nator from 198! t 1995 while arncke output grew by 20 
percent. the suenber of artches wrth multupic authors cone th) &D) percent 
and the nummer «oth imternatonal coguthon by MID percent These trend 
affected all frckds 


bor almost over) aaton with strong ternational cosuthorshep tres the 
cumiker of artckes awolving a l So author row @ronghy betecen 1958! 
amd 1995 Nevertheless, durmg the came perexd many aston broad. 
ened the reach of thee mternatrona! coflahorstiom partcularh «thin 


Scarce 4 Engreeny macators | #8 


geegrayrn 2) Toes. came 2 drop mtee | S ohare of the worlds 
mtcTnatranalh Voauthoted artaches In tie Assan ronan. collstorstoon par 
inulariy omolved ( hema amd the newly) devctopeng mdustrial Counties 


( ater patter ai) error Cac ght matte of fhe sect cmmerpe. a 
ncarchens covery where culomeveh use ated Cte feowcarch feuding froen arceaad 
te work’ |S aecntt aed tected! ateckes a 2 white ae cd mh 
soarchers © veal) afl caature xocntf a natoes m peogertorn greater Guan 
the |S ture of world cegped m chomesry. pts. Seoemedhcal cexcarch. and 
cecal meodkowee (SS attaches op the corres fackds tore to fe cad & oe 
vege) bole the LS hare of world cagpen 


industria! fms are developing internationai alhances. 


° 


imdeestrea! form arc useng global rescarch partners as 2 moan of 
“irengtheneng core Competencees and cupanding into technotagy fichds 
that arc cruceal to manmtanneng market share Sence the med- | RO 
compares workdernde have ontered into mer 400 inoen mult-fiam 
viewers mmol ing @rategx technodogees More than one-therd of thew 
were betwoen |S forms and beropcen of Japanese fom Mow of the 
sihanmces were created to develop and share information technobagees 


Forewgn patenting actrvity demonstrates the globa/ nature 
of technology. 


° 


borcugn patenting mm the | nsted Mates 1 ah strong and highh concen. 
trated country of mentor Five commtres japan. Cormany, brance 
the | oeted Aungdom. and ( amads = accounted for &) percent of forcign- 
ong |S patents Several newh mdustnalized coomomics. notably 
larwan and South Korea dramatically mercased thew patent actr ity m 
the late 198 and comtemer to do « 


Americans saccessfully patent ther mmventrons around the workt | S 
mentors recened mote patents than other forcugn mentors in ace. 
boring countries (Canada and Mexico and im detant markets such 
as Japan. Hong Kom. Brazel. India. Malayer. and Tharland 


Trends in royaites and fees indicate global flows 
of technological know-how. 


The | meted States a met cuporter of techaotagecal know -how  rovaltees 
amd tees rocernved from forergn firms have averaged three tomes thow 
pasd to foreugners Oy LS forms for aocees to thee techmotagy Japan 
the largest comamner of | S techmobagy eoid as mtctioctusl property. and 
South Korea ms the cond Langest 


Ne 


+ 


The world is Changing more quicth 
than ever Lack of us sees the speed 
and force of those Changes around us 
every day. im wars we perceive 

as wondrous clogant and profowsd 


oven sometimes a littl: overwhelming 


Re wap N Zane 
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{ manon whick depends upon others 
for ots hasn screntifi tnowtoder 
well be chow on ots undustrial progress 
and wead ints Competitive potion 


in world trade reyurdies:s 
of oy mechanwal shill 


\ awne vane Be ae 
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Forewn direct investments in R&D are increasing and 
demonstrate S&T giobakzation 


@ Subvtaenteel erestmecat m RAD meade & LS foros abroad as well as 
forergn forms om the LU neted States Prom 1985 to 1995. US fim m- 
creased ther RAD mwvestment abroad three tomes faster than ther 
compan -fumded RAD performed domestically 


@ RAD furs —z m the Lanted States by foreign companies grew an 
avetage of |) S percent per your from 1957 to 1995. even after adyusting 
for inflanon Foreygn-seurced RAD performed un the United States 1s 
mm roughh oqunalcnt tol S compane: RAD mvewments strosd 
More than 670 forergn-cemed RAD factitecs arc located im the | osted 
Mute. 


@ Mow of the forergn mtcrnatonsl mvecument m RAD flowmg mto the 
| mated States © from f aropg nd Japan and i comcentrated in the drags 


international trade m technology products 1s another 
indicator of S&T globakzation. 


@ The United States comtenucs to be the loading producer of hugh-toch 
priests. rowpomite for shout one-thed of the workds pradaction of 
wach products During the | 98h Japan raped) enhanced ts ature m 


hegh-tech fockds. bat by 1995 0S hegh-toch endustres rogamed workd 
markct share host during the pees sous decade 


@ Betecen 199) and 199% three of the four crence-hased maustres m the 
( meted States that form tie hegh-tech group computers pharmacecut:- 
cals. and communnatioms equipment gained world market share 
\crospace was the certy |S Ragh-toch eadustry to howe market share m 
the 199% The US trade sarples mm eoftware technology dowtted and 
acronpace tochmotagoes proudkaced lange afer dechng = trade earpbaes 
tow the | meter! States 


economic and socivtal goals both now and in the 21st cen- 
(UTD. There » an increang realization of the unportance of education anJ 
kom lodge fo Coomema growth Sach education m sen 2s umportant aot only 
for researchers but alo for a diverse. technologscally Ineratec workforce and 
tor an odwcated and informed ciuzenry | vameneng. updating. and umproving 
the |S echecateon system from K-12 through to graduate school m a major 
mathomal Preoetty as we enter the meat century ( oncerm have been cupressed 
regarding the cmploy ment prospects of «sence and eng mecrnng graduates. 
anal UN CT Metaes are CLameneng “ays to make graduate educatson broader. more 
fewite and neko ant to present and future ccomomax demands ( urrent resucs 
ons tuade the note of the Feders! Gos crmment in funding graduate educatron. the 
further mtegrateon of research and educaton. and the maportance of attracting 
ora! folanneng stuadonts from all ack grounds ato «oence and engmmecenng {cid 
The fofhons omg: Ragitigghts pron nde somme information on these topecs 


Progress has been made in precollegiate math and 
science education, but more needs to be done— 
especially n mathematics. 


@ in mateomal eesceuments of math and scvence learning. students are 
perforrmeng as well as. of mot better than. the students of 25 years ago 
Nine wear -otds amd | }-year-obds are scomng hegher on mathematecs and 
scremoe tewts than they ded mm 197). while performance of | 7 -wear-olds 
has rormaernecd atest the warm 


@ in the | meted States. there 1s bettie difference im the mathematics and s- 
omc Profeceemey of geris Compared « th boys on aatonal aseceements of 
chacateoe progress As of 1996. however. large differences remam at al! 
grade bevets om the acheeverment scores of Mack and Hispana students as 
compared «cth whetes and Assam Pactix istanders Natrve Amerncans 
generally scored chower to the national average than ded Dhacks of Hrepan- 
cs best bower than whites 


@ ina |}9¥*S mmternatrona! comparatne: study on mathematecs and scrence 
axteceverment | So cudents performed comparatwety better m scrence 
than on mativematecs and fetter at the fourth grade beve! than at tie crghth 


grade leve! 


@ |S fourth grader were ageeficanth axepased m asence performance 
om Ph etexdent: mm South Korea Student m hapan the Noetherian Aus 
rake amd Austna aio performed «ell at the lieve! |S cagitth grade studenss 
«ored past atene the mtcrnshomal average im scoctce. scoring kower thar 
shadents fromm Sangaperc South Korea hapan and the ( zech Repuittx 


Nationa: Scmnce Focoxmarion 
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Vatistical thinking will one day 
was mecessary for eflicrent citizenship 


as the ahilith to read and «rite 
Has Weses 
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( alex m sect. performance in mathemats at the fourth grade leve! 
ma 19S enternatronal teow showed | 5S students behind those of 
Sengapore. South Korea. Japen. and Hong Kong © S coghth graders an- 
wectred past over hall of tie tem on the mathematacs asecewment correcth 
amd scored below the international average Eaghth grad students in 
Sengapore Japan. South Korea. Hong Kong. | bemesh-speaking Kelgrum 
amd the ( zoch Repuitx performed the bow 


Sence the cart) and mad. | V8). the proporton of stuckemts taking advanced 
mathematics amd «renee Courses im high shoo! has greath meorcascd 
These gars often im bude students trom underrepresented groups None. 
thetess. the achrevernent of |S students in mathermatecs hay shown only 
sioght games over tome and there remams a lange perogrortion of stuctents 
umattc to demonstrate anything more than basa bevebs of hmm bodge 
partecularty at grade | 2 


LS mathemates and scrence tevthooks comtam many more topes and 
much repetition of matenal compared with those of other countries In 
ackivtrom. there m cvadence that m the | nited Srates. cxgith grade math- 
ematecs © petched at a lower level than m hegher achecving countries 
CS stuctents are tell working on “high-end anthmmectac while ther peers 
on other Countries arc studying aigetra and goometry 


The vast maponty of | S chementary school teachers carn college de- 
grees im education rather than m spectfx dicrplemary arcas High «hoo! 
teachers are much more bhkety than maddie .« grade schoo! teachers to 
Pomsees weet amd mathemates degrees Teachers arc abe froquenth 
axsagmed to teach classes outede thew fickh especaaily im middie hoo! 


The prottem = partecularth acute m mathematc. 


Students often need remedial math and scrence 
Preparation when entering higher education. but they are 
succeeding im getting S&E degrees at all leveis. 


e 


As students center College protiems in math and «ecmr preparation 
are ot vous The percentage of freshmen reporteng a need for remedial 
work mm math and scrence has remamed high partecularty for women 
and munoritecs in 1995 of those freshmen planneng to mayer mm sceence 
of engmeering. over 16 percent of the males and ower 26 percent of the 
temates thought they would need remedi! work on mathematas Thew 
hata are based on students «lf-c. shuatiom and may also reflect anou 
bevels of conf adence 


evertheiess. the sumer of carned bachelor’s degrees in SAE from 
. S eestetateons has mecreased from over 107.600 m 198) tw 378.000 m 


Scarce 4 Engreeny racaton ‘188 


wes By the mid-) 90th. more than 5 percent of the college-age 
population had compicted a bachctor s degree m a field of natural 


“iT OF cngmecring (NSAE ) 


taroliment in umbetyraduate programe Oy underrepresented manoritics 
has eneteased for ower a decade. and thes trend acocterated im the | Wy 
in 1945 however. onl about ) percent of Mack aad Nnpank college- 
age vouth carned a bachelor s degree m an NSAE ficid 


lotal cnroliment m LS graduate MAE programs grew for almost two 
doves amd has now bogur to shrink Ccaduate cnroliments of forergn 
vtudents and white males have dropped A long trend of stcady 
mmeteascs mm the enrollment of full-cume graduate students whose pr. 
mary source of support was the Federal Caowcrmment sho ended m 1995S 


\! the master» degree level. «eence and engmmecnng overall showed a 
great wmcreasc on the numbers of carned degrees throughout the | GRD). 
with the trend hecommng even stronger mm the 194Ds The recent growth 
me mmaemiy om the sacsal soence and engemecting. with relatrvel stabic 
mummers om the natural wecmoc.. mathemateacs. and computer scrcnces 
The proportan of masters degrocs in MAE fects carned & women and 
moenmotitecs has meoteased over the last two decades 


The sumier of doctoral degrees im engineering. mathematics. and com 
puter x sences dowltted from |98S to 1995 Much of the growth molved 
torergn doctoral recepeents. the numer of doctecal degrees they carned 
wm SEE frckds doubted from ower 5.000 m 1986 to over 10,000 m 1995 


increased attention 1s going to the extent to which 
research and education ace integrated and the role of the 
Federal Government in supporting both R&D and 


graduate students 


The Federal Crowermment ms the mam source of support for graduate stu- 
dents va several support mechanewms A maporty of tramecsheps in both 
pryvate and pula mstitutons ($) percent and ~) percent. respectively) 
are fomanced peumarnty th the Federal Ceowermment. as are 60 percent of 
the research assrstantshaps on pr ate omstitutsoms and 47> percent im pub- 
ley test etutecwns 


The prevaience of research aserstantehaps as the prman mechanem of 
support for full-crne graduate students on wocnee and «cnginecring has 
mereased considerably Research assrstantships were the primary 
support mechanewn for 66 percent of the studients whose promary source 
of support was from the Federal Cowernmment m 1995S crenpared with $5 
percent m 198) 
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Ignorance is the night of the mind 
a might without a moon or star 
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Perhaps the most profound discown 
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the depths of our ignorance 
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There is no higher 


lower knowledge bu: only one 
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@ The Natrona! Institutes of Health and Natonal Scuence foundation arc 
the two federal agencecs that have been the primar) sources of sagrport 
toe full-trme SAE graduate students rehy ong of revearch assitantshep as 
thew pomary support mechanam Nonecthetess. other agencies have vary 
img and umportant umpacts on graduate education im specifn fickds 


Research assestantsheps arc more frequents wdentif red as a pomary me ha. 
neem of support m the physxcal scenes. the cm woremental wrcnces. and 
engimecnng than im other dmciplines They account for low than 2) per- 
cont on all the socul screenees. mathematecs. and prychotogy 


Graduate education is being reexs.tuned to determine its 
appropnateness for labor force nee+:. " the future. 


@ Although there were many changes m labor market conditions fer 


specific science and engincerng frckds. overall labor market . ind- 
toms were semelar in 1993 and [99S Chverall unemplorment ratcs for 
scence and engineering Ph D -huiders were | 6 percent and | S$ per- 
com, respectively 


For recent Ph.D graduates. the unemplowment rate went from | 7 w | 9 
percent Only 2 4 percent of recent scxence and engineering Ph D 
reciprents reported working in a mom- SAE pod unrelated wo thew fickds 


Measured by the percent reporting that they were mvoluntarily 
working outesde the ficids (HOF rate) the dciplimes where recent 
Ph D graduates were having the most difficulties in 1995 were 
political scrence (|| 2 percent), mathematecs (9 } percent). soctolagy 
anthropology (9 | percent! peoscrences (6 § percent). and physics (6 7 
percent) Recent Ph D graduates mm the Deoblogical screenees do very well 
by thes measure. with only a 2 8 percent MOF rate. but other measures 
suggest a drop in the availatelity of tenure-track posstions for recent 
teobagrcal rence graduates 

Most scsence and engmecnng Ph Ds are Currenth emploved outude of 
axaderma Looking at entre career hestorses. only a bottle over half of 
screntests and engineers «even af the doctorate levee! | were emploved in 
acaderma af some porst wm thew caroers 


An estimated 26.900 Ph Ds who carned the doctorates in the preceding 
three vears entered academen empty ment in | 0S But the meaning of 
“academa emplos ment” has changed for these young doxtorse-hokders 
Fewer than 46 percent had regular faculty appomtments Compared « ith 
ower *S percent mm the carly 1970s. whale the proportion im postdoctorate 
Positions rose from |} to 40 percent 


@ (© sceenteets and engineers im powtdoctorate powhonms on 1993. only 12 | 
peroemt were on faculty powthoms m a tenure track in 1995. 41 6 percent 
were sll on postdavtorate appoentments Dewpric this. the length of tame 
hong spent on postdactoraic postions appears only slighth greater than 
that roperted retrospectivchy fy those currenth om mid-career 


@ While most mdneduals m postidoctorate powthons m 1995 reported 
additional trannng and other cumMtomary rcasoms for accepting thei 
appeentments, | 7 | percent sand they were m a postdoctorate bocausc 
other empha ment was not available This rises to 29 3 percent in goo- 
scrences and 2) § percent in physics 


S4&E human capital development in the United States 
continues to show significant unevenness across 
socioeconomic groups. 


@ The sumber of women with doctorates m «sence and engincermg who 
held scademsx powtroans morcased to $2400 mm 1995 The represented a 
new hagh of 24 percent of total academx cmployment of these highh 
trauned persummc! Women remained highh concentrated im the life and 
«axial soences and preycholagy 


@ “Viimponty SAE PAD employment m acadoma continued to grow. reach- 
omg $5400 om 1995 but etaved at low levels for samme groups The | 2800 
mommies of underrepresented groups black. Hispane. Native Amencan. 
and Alaskan Natre acoounted for 6 peroem of acaderma dactoral «sen- 
tests and ongenecrs. up from 2 percent m 1973 Assan omployment m 1995 
toad at 22.500. 10 percent of the total. up fram 4 percent m 1973 


@ Wornen and member of minenty groups have tended to onter academnx 
employment at of above thew share of rocenth awarded «sence and 
engmecnng dactoraies Among recom PhDs m academx cmploymen 
(those woth dactorates awarded on the proceding three vears) wamen and 
underrepresemiod mamnanbes were cmploved im rough prapartan to ther 
share of newh awarded doctorates to LS) cotivem and permancet vee 
becker. Assam were represented wcll mm cuces of Ucn share of new Ph Ds 
m scronce and cngmmocrng (although mam of thes arc forergn-horn) 

@ in the werall SAE workforce, munorities. except for Assam, are ail a 
very small praportan of omploved «:cntrsts and engineers mm the | nnted 
Maates Assam. woth 4 percent of the lS papulaben. represented | 0) per. 
com of all SAE workers m 1995 Blacks and Hispanics were } 4 percent 
and 2 8 percent of the SAE workforce mm 1995 well below the shares of 
the  S populaten (|) percent and 9 percent respectively) Assam. 84 
percent of whom arc foaregn-horm arc the hes represented minanty group 
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In the hoghl) Competitive tnowledge- 
rok information intensive global 
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on mathemati. and Commputcr wsomces piyscal wromocs. life woomoes 
and cngenecring. cach at around !0 percom The underrepresented 
menortiics tlacks Hispancs and Natnc Amoncans arc most lkeh 
to cnter wasal wsomoes and lcast likely to onter pin wcal ~ somes 


he nation’s SAE enterprise is undergoing changes 

in structure and priorities as we prepare to enter 
the MEX COMTULY. Maer chanpes arc Caking place wm sector roles om the 
fundeng of research and devclapment The proparnan of the Nations RAD 
funds pron ided ty the hoderal Gaowvcrmment has decreased but the role of the 
boderal Gs crmment rs still cxscntial on the arcas of hasn roscarch and oduca- 
bon Prorihes are changing. «ith defense RAD decrcasing im emportance and 
lite wsences and health rocen mg morcased funding and attcntian The indus. 
thal sector prowades a majority and meorcaseng share of natronal funding for 
research and develapment This has emplcatrons for the character of actn thes 
wupported he suse industnal RAD 6s prmanh concentrated un development 
and apphed research. rather than bas rescarch In mam countries. direct 
tundeng os sappbomented ty RAD tar credits and other mdirect mochannms 
Soom and technology arc morcasingh linked and the robe of partnerstaps 
and alluaaces has mcrcaved Wetwoen scctan. within soctan. and internatian. 
ally The service sector has a more emportant profiic than on the past Informa. 
ban tochnolagecs arc an emportant driver for the coonanmm and arc making an 
coanomes and sock! compact that arc pust hogenmng to he understiacd 


R&D funding patterns have changed substantially. 


@ RAD crxpendsteres reached an estimated record-setting high of $206 bil- 
hon en 199° The rate of RAD mrestment im the mad- | 090s was the taghew 


t has hoon sence the carh 198K 2 weloome: contrast to the sstushan m 
the carhy part of the decade. when mcreases op RAD spending farled to 
keep pace with inflapan 


@ Mow of the RAD morcases have boon mm the industnal sector Industral 
firms now provide two out of every three of the natyen’s RAD dollars 
(an cstemated $133) belhoan m 1997) and perform ticce-fourths of the 
nahonal RAD cflort (an ctemated $15! 4 telhan) The major pert of 
industnal RAD » devclapment and apphed research rather than has 
research 


@ Total federal RAD obfigations were an cotimated S68 | tilhon m 
FY 1997_ 1) percent below the 1989 level (em infianon-adpusted dollars) 
The todera! Goo crnment has hoon steadily lowng ground to mdustry as a 
source of RAD funds In 199" federal agencies proided 4) percent of 


all RAD tunes m the | ated States. down from 46 porcent at the peak 
during the defense burldup a decade ago The decline wom to have 
tapcred off un the mad. | Mtb 


Mach of the dovreax «a result of defo dow nmzeng as prarities 
change as well as atiompts to Cantrod the budget deface The Department 
of Defense (DOD) share of foderal RAD spending has boon dechmung 
wemee the mad- | 4805 from ots high of two-therds of foderal funds In 199" 
for the ferwt tome sence the carly 198th. DOD « capocted to account for 
lows than half (48 percent) of the foderal RAD tonal 


The decrease on detomee funds 1 reflected in federal funding of industinal 
RAD Hetwoon 1987 and 199". the foderai share of total wndustry RAD 
performance devhened dramatically from |) peroont down to an unpre - 
odented | 4 percent 


Growth in federal support of acadermc R&D has slowed. 


in 199" an cotemated $2! § bllhon was qneet for RAD at lS academx 
inetitulans roprescoteng |) percent of the total natonal performance 
\vaderma however has a much larger robe on basse research. performing 
more than SO peroent of the nathan s effort Academe RAD actr secs are 
comoentrated (67 percent) om hasx research with 2S percent mm apphed 
research and agh § percent mm devchapmen 


The majporty of academe RAD capendeturcs om 1995S wont to the life 
“sences. whech scoounted for 44 percent of total sacademn RAD 
cxpenditures The ext largest amount of academx RAD cxupenditures 
was for cngineering = 6 percent m 1995 


The bederal (sowermment comtinucs to provede the mapjorty (60 per. 
comt) of fends for academe RAD Academe has cuperienced « 
show down on the annual rate of growth on federal support The share of 
toderal fundeng has declhmed m cach of the brand SALE fickds wince 
9°S The largest dectmne om the share of federal funding coourred mm 
the soceal scvenoes. and the enaliest declines were m computer «)- 
caves and cm ronmental srences 


tederal agencies emphasize different SAE frcids mm the funding 
pertiohos of academnx research and changes om federal RAD fund- 
mg by agencies can have varyeng empacts on RAD funding and 
graduate cducathon support mm varrows ficids bor cxample. changes 
in toderal fundong tor defome RAD have affected academn cngmect- 
yng and Computer «sence funding 
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Since the war years, both Congress 
und the differcnt administrations 
have shared the comiction that 
support of research in the Nation + 
unnversines and industries represented 
an umvestment in the national future 
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Links are increasing between industry and academia. 


o 


industrial suppert to academsx RAD has grown more rapedhy than 
~wuppert trom all other sources during the past two decades but it still is 
only a fracthan (7 percent) of the total 


Industrial imtcta team «ith a ademas can he soon on more than pest finan 
veal pationm ( cauthorbhup ty industrial rescanchers has grown sence the 
| V8»). and on particular with academe ( oauthorstup hetecen industinal 
researchers «ith researcher outeade thew sector rose fram 27 porcent m 
(VR) to SO percent m 1995 show two-therds of these collshorstrans m- 
volved aademax rescanchern 


Industria! forms arc using aadema roscarch on ther patent appa ateans 
The numer of wxome atick ctaham an lS patents morcased from 
5.4080 om 1987 to 47.00 wm 1996 The mee mm cotateoms held for all fictds 
and for papers from all sectors. woth the fastest growth m cotatoms to 
teommedscal rowcarch and ¢lumcal modscunc 


\vademax patenteng. cypeciath om the beornedacal fickds has mmcreascd 
rape“ The sumer of acadermx patents. while wnall meorcased more 
than «cvenfold mm just over two decades. from 2“) annually om the carty 
1970s to more than | SX) m | 095 


The largest increases in industnai R&D are occurring in 
the S&E-based industnes. 


6 


( oonpamecs Classified on the cloctncal oquapment industry cipenenced 
the largest abwetutc morcases and the highest percentage morcascs in 
nontoderal RAD cxpendtures betecen 199! and 1995S All of the m- 
crease cocurred m the clectromk components segment. whech had a 


threctotd morcasc in spending during ths penod 


Pharmaccutcal compames RAL spending ncarh tripled betwoen | 98S 
amd (99S The most promenent trend om the drugs and medicines industry 
has hoon the morcase on omportance of beotechnolagy research mare than 
ometherd of drug comnpamecs RAD progects are promanh teotechnotagy 
related In additeen the raped growth of RAD dollars reflects the high 
cost of research directed toward developang cures and treatments for 
vanous dincascs 


New funding mechanisms are gawung in prominence. 


« 


Mam countnes have supplemented derect funding of RAD with fncal 
mmeentnes to morcase the vcrall level of RAD spending and to stemulatc 
industrial inmn aton Almost all imdustnalized Countnes (inc hadeng the 
Lnsted States) allow industry RAD cupendmtures to be 100 percent 


deducted from taxaite moore om the year they arc curred and half of 
the Commies (om hudeng the | ated Mates) provede samme type of RAD 
tar .rods 


The paw of venture capstal grew Gramatecally during the 1980s and 
ometped as an emportant source of fimanceng for wall immo ate: firm 
Very letthe venture capeta! actually disbursed to the “wtruggling 
cmtreprencur as “wood meoncy In 1995. wood mancy accounted for anly 
© percent of all venture caprtal desbursements. moncy for company 
\panweoe constituted 4) percent 


Cooperative R&D is now an important tool in the 
development and leveraging of S&T resources. 


There has hoon a major apes ung om the quarter «i enter. and mtra-soctoral 
and wnternahonal SAT partnereheps wamce the carly 1980s The annual 
ounter of new rescarch poet ventures betwoon firms has heen grow mg. 
eth the largest moreascs coourrimg mm 1995S and 1996 


lohmotag, tramfcr ath res hoc ame af epottant mawon Component 
of federal lshorateres m the late 1980s. and more than |.500 new 
ouperatine research and devchapment agreements (( RADA) were cn- 
tered unto between 199) and 1995 


The service sector has increased in prominence, and 
information technologies are bebeved to have contributed 
to the country's shift to a service economy. 


The nonrmaneta turing sector moe accounts for appro mmatch onc -quar- 
ter of af! RAD enestment mm the | noted States. comudersitty shove the 
properthen « held m carer decades Thes tagher profile m largely 
attrybutatilc to the growth of the mmformaton technologees (11) and 
comnmunk aban industines 


\n c\amenston of ompboyment patienm of «sentrsts cngmecn. and 
tes hima Lams on a porhen of the nonmanulac turing sector ( wholesale and 
rota) trade tramspoertahon communscatonms and utiirtes) showed a 
downtern @ cmployvment m 1994 from the peak mm 1A! The comme- 
mcathom industry was one of the few cupenenceng an mercase mm 
c™pin ment of wrentiets and tex hneciam hetecen |W! and | 994 


bmplovment in | T-praduceng mdustres 1s propected by the |S Bureau 
1 Lato Statestics to nearty dowhie from | 986 to )006 The capamssan rs 
based almost cntirehy on capected growth im computer and data process: 
ong services However omptoyment om [T hardware industnes has been 
dociemeng Nevertheless. as the demand for IT pots eproads to other m- 
dustnes. [T cocupatoms are c: pected to dowbke ower the shorter pened of 
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[Wem > Sumo CRT propertaams are abeays difficult. the showkd be 
taken as 4 ponetal derecteon. aot an ovat bevel of omploy men 


in the Lanted Mates. software companres attracted more venturc 
capa! than am other tochmodagy aca be 1995 venture capetal forms ds 
buted 2 total of $34 Deleon of wtach 2) percent wont to firm dev chopang 
voenpater woftearc of pron adeng aoftearc wince: Modacal and health- 
related companies were sccond with 14 perlent By comparison. 
compte elated Compares rocenod pus > percent of the venture Capetal 
deanteated mt urogpe m1 99S and § percent m 19%). and burogean beotoch 
form. rocened oven low | urapean venture Capetal » premarth im onde 
tines wah as machener) and oguupment Lavteon and lone prodkacts 


Hetecen 190 and 1995S the |S trade surples im software technology 
dowitod and trade on Computcr integrated manutactunng toc hmoboagics 
penetrated a uzabtc surples However. wmce 199). the | ented States has 
had trade deficets om three arcas apto-cloctromecs. clectromecs. and com. 
puters and tclooommunscstom | ange trade deficits with several Asan 
cvomomes mn those three adv anced tochmokagy arcas now cicoed the trade 
surplus: pencrated from trade «ath other Cowuntnes 


Hoth South Korea and Tarean comtmuc to patent heah mm communna- 
tan tochnohagecs and processes used to manufacture someconductor 
devices. dynamax and stata information storage and dpi system. 
armomg other tochmctagees Hoth arc aircad) major sapphets of Comput. 
ors and ponpherals to the | nited States These patent data show that they 
contenuc to do chap new tochnodages and impro coments that «ll hich 
support mcrcased presence m the |S and global markets 


cience and technology affect our daily lives in many 

WAYS. Ihe rowwlts of weer and engumecting findings surround us 
at work and at hoeme. but the saxual and cconoma effects are often difficult to 
quantity and analy ze Scoontr! x and technobogecal Iteracy arc emportamt Sx) 
ence and tochmodagy shells are mcrcasingh rogusred m many jot. There rs an 
omrcased compas of accountatelt) and the umportanc of puta under. 
vtamdeng and searcncss of wocnce and techmolagy The puttx showld be atic 
) umdemtand the ~oontrfx process and be know blodgesite showt wecmoe and 
Lavheotagy diexcow ones om onder to part spate more adoguatehy om potecy dr. 
cumwoom The mmformaton revolves mn apon us and rs crcoedingh difficult to 
track ict shone wnderstand os mynad emplcatons and cflects hoth postive 
and nogatne As «oe go ite the new! century. « ms hard to veeushire how oe 


loves wll the Changed 


Use of information technology 1s increasing in the 
workplace. schools, and homes. 


@ The real set commpeteng capetal aock m the private sector was $155 5 
helo om 1995 be oan mmdustnes. the summer of cployecs who usc 2 
competer at work m more than “) percent. om the hankeng mndestry. « 6 
SS percent 


@ = Scveral Commprehomene studees usang a varnety of data and methods md. 
ate that there 6 an overall shill upgradung taking place m the labor force 
2 trend sttrvbuted to the greater use of [T m mam accupstom Along 
woth Nes emereaeed eee the mosdence of IT -rcisted mpury and emplowec 
curverilance «© the workplace are on the mec. but the effects om mdr xdo- 
ah arc unoeTiawn 


@ Mow Amerncam ‘7 percent asc 2 computer at home of at work Mh 
peroentage has grown steadsh during the law decade and m | 99" full 
£8 percent of college graduates m the | nested States indscated that they 
weed a commpeter at work of t home. compared wath 60 percent of hagh 
«hoo graduates amd 2! percent of mdr duals who dad not commpicte 
hagh «tom 


@ Nearly *2) melon American have scoess to 2 home computer that 
@ tudes 2 meter. and | percent of adults reported m 1997 that they 


had used an on-leme Commpater service Gurung the preceding vear Theos rs a 
wagreficant crease m home access to on-lene resources samce | 99S 


@ ‘earthy teo-therds of Amencans euth graduate oducabon of a profewsons! 
degree have 2 hoene Comnputer with a modem. compared to }! percent of 
those woth 2 hagh actus! degree Abowt 4! percent of Amerncams «uth a 
graduate degree «aad that they use an on-line Comnputer serv ce Compared 
tw only [7 percent of those with a hagh «hoo! degree 


° 
| cannot do it without Counters 
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Overvee Scarce ard lectromgy © Waretor to he 2's Century 
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I we fael to emsure that owr Children 
have the technological resources 
the, need to Compete in an 
VET REARING IRformahon ¢OOROETY 
our nation will be poorer for it 


Vee Peper Aceeer Grows, be 


+ 


° 


Approumatel) |6 percent of Amencams reported having access to the 
World Wide Web from thew home computers m 199". and |) percem of 
adults sampled = representing about 1) millon poopie mmndacated that 
they had peeveowsty tried to find samme specif item of information on 
the Web Around 6 $ mullonm Amencans seed thes had attempted to find 
health-related informateon. and shout § § mallom tned to find somme we )- 
confx mformaton (whach would have ixiuded informatoon shout the 


om WoRment. space. of Computers) 


The use of. and access to. mformation technology m the classroom 
sch 2s an umportant (but not sufficecnt) tool to enhance educatvon. 
emsure equitable acoess. and develop computer skills for the overall! 
populanon By 1992. 8) percent of all K-12 schools had 1S of more 
mactocomputers for mstruchon in | 996. 8S percent of all schools had 
access to multmedn computers. 65 percent had Internet access. and | 9 
percent had a satelite desh Internet imbages arc not necessary wedety 
acoowite withen chaots om | 96 anh | 4 percent of mtructonal races 
had an Internct hook up 


in fifth grade. more than half (58 percent) of the instruchonal axe of 
computers 1s for teacheng academe subgoct matter By | ith grade. bow 
than half (43 percent) of computer-based instruction ms for content. 
S) percent ns for computer skills trameng Micta-analyen of educational 
studies conducted between the late 19605 and the late | 980s 
comestenth reveals postive effects of Computer-based instnactoon at the 
K-12 hewel Estates of the onder of magnetade vary. but one meta-anaby es 
of 40 studees cxtamated icarning advantages that ranged from the equa. 
hemt of ome-therd to one-half of 2 «hoo! vear for k-4 educator 


(Qucstioms have been raned over the cost effectiveness of computer. 
bused mmstructon relative to other forms of imstruction Additonal. 
sagmeficant moguity cursts im educatponal access to Computers and the 
internet Schools whose cnroliments Comprise primanthy manonty of 
ccomomacallh drsadvantaged students havc ome -thard to three trmes bows 
access to these techmotagies than do «hools represented by whete oF 
nomdesads antaged students 

Concerns sbowt informathon privacy arc growing larger and stronger 
Two-therds of the publx sand that protecting Ccomsume: information 
PeIvacy SES VET) EMportant 


Scarce 4 Engreerng racatos "908 


The issues of accountability and communication with the 
public are drawing increased emphasis. 


° 


\boet ome @ five Americus themk they are very well-formed ahow 
~™ wecetrin Geeceverecs and show! the eee of aew mventpons and 
We eeotogtecs (Pec om foawr Americans umderstamds the nature of scocntil x 
mguer> wel) chowgh to be attic to make relatneth mformed padgments 
shot the socntita Phases of rowalts reported m the mecdss 


in 19" S$ percent of Americans belevod that the honefits of ccucntl x 
rowcarch outwergh am prowent of potentsaal harem Dicspete thew postive 
ws of wecntia rowcarch Amencam are doops divaded ower the de- 
chopemert aad eat of vera! emgroctant toctmodagecs. ox fadeng machoar 
pwrecT aml geet ChgemectTing 


American adults cupress a begh level of mtcrest m new scocatlx 
bao ones amd im the ux of mew coventrom and techmotogees The pubdx 

mtctewted @ knowing what m happeneng mm s«ecnmce and technolags 
amd the Mocntin Coemmmunety soods to COmMmunecate ts work cver more 


Lhoarh aad cflectineh 
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Publix opemon ws everything With 
publi vontiment nothing «an fail 


withow! ut nothing can wacceed 
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VMewwerneg tae Perterman « of tee | den atroe item 


Student Actveverment 


lh Podecws amd x eewvomomn factor: Play a Rate m Acheevemernt 
acter ( oarwoworth 
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le. Vladenyg of @ New Soeme (eeccumen 
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LS Sceenoe Profsceemecs m an Intermatsonal ( ontcit 
Vbathkeomata s ( oerwowort 
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Tie VMateng of co New VMathemata ) (eer umen! 

( S Mathematecs Profscecncy m an Intermateonal ( ontcit 
Veteemarts amd % nome bo Recvemer: of tie Hote Pertormes’ 


Curncuturn and instruction 


Miathematas ( urnculs 

“ecter ( arrculs 

lestrecteomal Practece amc! (Pualety 
Tome on | carneng 

i wc of Imetructeoma!l Tex fodagnes 


Jeachers and the Profession of Teactung 
Toathet Preparateon and Student Achecs coment 

( curwcwork Preparation 

loachers Views of Teactung and | carneng 

fry Teun fers Are bevdpoatde thoes! the Wamdbard: 
(hat -of-beckd Toactang 
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Highlights 


beTERmaTrons. Consranesons 


@ In « 199 internstions! comparative sted) on math- 
ematecs and sctence achievement. | Ss students ser. 
formed comparatively better im wreace than im math: 
ematecs aad better at the foerth grade bevel than at the 
etghth grade level. | 5 fourth graders were sagnit x antl) 
outperformed m «scree ony by students m South Lorca 
The | tated States performed loast well eter vompared 
arth other nateom om grade coght mathematas 


@ Whee compared «ith other countries. | S mathemat. 
nc) aad wcreace tei tbeoks coatem many mor: topes sad 
mech repetities of material. for ciammic | 5 pemera! 
omaticmatecs tewtinooks for ceghth grade wudents comtam 
an avetage of different topes. compared with § tapecs 
» Japanese and 4 § topes mm Gorman touts In addeton. 
there = cwxdence that m the L meted States. cogith grade 
matieomatics = petched at «2 kower lowe! than m higher 
ahecveng coutttres While | S stuchemts are stl! working 
© tegh-ond arithemeta thew peers om otferr Commtrics are 
tuaty ong sige®ra and gowenctry 


Stuoent Penrommance 


@ le eatronal awewmens of mathemati, and stcace 
hearmeng. tedets are performeng as well as if aot bet 
ter than the stedents of 2S veers age. Nine ycar okt 
amd |. vour-okds scored Ragher on muathemates and a) 
chee tewts om 1996 than they ded m 197). whale perfor 
muamcc of |” wemr-oddbs fas temmaeecd ateoet the same How 
ever betthe of the mverall IMPOR cmenmt om test scores that 
«curred durmg the pened hay come shout during the 
aa 


@ There rs litth evuctence of s diflercace im the mathemat. 
«s and scrence proficwacy of girs compared with bev, 
Of ators! awcwments of cdwcatomal progres. The siaght 
drffteremoe that has been adentifeed ms confined to students 
wm ther | 2th grade 


@ Av of 1996. large differeaces remain at al! grade 
levets 19 the achievement scores of bieckh aad Hin 
paaes stedents as compared with whites aad (stan. 
Pacific Istanders. Nathsc \mern an students generally 
“ored clover to tte aatronal average than did Blacks oc 
Hispames 


Cunsecucuat an besTRUCTION 


@ There have been large geins im the proportion of stu- 
dents taking advanced mathematn,s aad wwreace Cores 
im hegh school wace the cart) and med 198) gutms that 
often inctude udeats from eaderrepreseated groups 
In the class of 1994. chowe to 70 percent of students had 
compteted goometry. $8 percent compicted aigedra > anni 
¥ percent took calcula, Over @) percent of semors com- 
pleted Deotogy over half compteted chemestry amd shout 
one-quarter tood pleas 


@ intermet accews in wheel has increased sebviantiolly 
im receet veers. Ax of fal!) 1996. 65 percent of publx 
hooks reported acoess to the Internet. a gam of *) per- 
oonhage poets ower | OM figures Interact accom was more 
hkety om sowomdary than m chementary «hooks. m more 
affluent than bow affluent «hoot. amd in «hoods with bow 
to munheratc menonty carodimments than on « fools «ith hegh 
mamoerts cnroliments 


Teacnens asp Teacrenc 


@ The vast majertty of clemeutary school teachers carn 
college degrees in education rather than in specific 
disciplinary areas. High «hoo! teacher were much 
more inkely to possess wcremee and mathematas degrees 
4) percent had carned a degree m mathematics. com- 
pared with post 7 percent of maddie schoo! teachers In 
srence. 6) percent of high schow! scrence teachers and 
|~ percent of middie choo! scrence teachers posseused 
4 xtence degree 


@ Mam middie whoo! mathemati, sad wirace teachers 
fall chert im meeting recommendations bor courweort 
preperation made % satrona! sviex tations of teachers 
Omiy ~ percent of maddie «hoo! mathematas teachers havc 
taken Cours im all of the recommended arcas and about 
ome-therd awe Compicted some of the Coursework recom. 
memdstoom: Forty-two peroem of maddie whoo! ssence 
teachers meet the weemee rocommmendatioms im ful! 


@ AB toe freqeceth. teachers are avegaed to teach clanes 
outside their fietds [he protic » pertaularly aute © 
mathermates In the |'9909! schoo! year )7 percent of 
students on grades ~ through | > had a mathemates teacher 
withow! af beast a menor on mathematas of mathernatics 
ohacatean (hat-of-feid teachang ms more Common st mackie 
stools than hegh «hoods 


Soerce 4 Eggers oo a 


introduction 
Chapter Background 


t dc ators om chementary and socondiary sheds across the 
nateon arc strugghng to omproxc and rodeogn mathematics 
amd weer odcateon «> that al) students are well-prepared 
tow dhe egemmeng of anew melkcnmewm Polcymakers are con- 
‘romed «with growing determenasteon that a soled foundation 
im mathematas «acre and techmotoagy © owental mot onby 
te the coomerme Dat he to the soces! well-temng of the aa- 
tom teckel « tavk for tockey + pelecveuskers. parents. and 
ommmmamtacs os te omware that al) students arc graduated from 
hegh «how! woth a quality edtacateon that will cnaite them to 
comtnbute proadkactrvety to «acect) Toward thes ond the | nated 
States has set. as 2 matter of nateonal polecy. the gual of its 
chadents Deeg fenton the workd om muathematecs and screnec 
athe vement hy 20m) 

liowevecr matvonal amd mtermnateons! idecators of educa 
oma! Pragress saggest that the country cs stell far from its 
cowl dewpetc a grow ing reform mn ement aomed at achecy ing 
cvoelionce and ogulty © education Larceswolved meas com- 
cormeng the performance of students and teachers. the quality 
of etinw teona!l maternal and teacheng. and sooo to quality 
othacateom foe all students arc matters oll very much at the 
conter of kecal. state and aatronal educator agendas Never- 
theless cadacateoam of forward mxxemen shound students 
are Gakomg more advanced Cowra m «rence and mathemat. 
a> teachers are more aware of the need to change thee con- 
ocPhom of toacheng and lcarneng. and student acheevement 
om muathermate » amd «ocmoc has Lanpety returned to of exceeded 
the lewels set m the 1970 

The srari for mach of the Current reforms came from cart 
sock oo ting standards performed hy profowwonal awoxw- 
hots of mathematics and scocmce cducators In mathematecs. 
the Natroral Acaderm of Sceenoes lan’ out the broad outhines 
of mauthemateacs reform mf vervienth) Coamty 4 Report to the 
Vener on the batere of Vathemata: Ldwcaton (MSEB 
198%) The Nateonal ( camer! of Teachers of Mathematecs 
NCTM) followed «ath two reports that made more spectfix 
rocommmerndateoms (errand amd | valmaton Sagekarids for 
whew’ Mathewwts (NCTM 1989) and Profexnena! Stor. 
dards tor Teaching Mathematics (NCTM 1971) 

Dhureng thes same potent Comscmeas on mew directions for 
“rem Cdwcatson aa, hegmnmng to develop. though actus! 
mateo! stamdtards were wom woars away By 199). the Amer. 
can Awe nateon for the Advancement of Sceence had msucd 
two puliscatrom. \nemce for 4/) denerecom: (AAAS 1989) 
amd Bemctmarts for Scsomce Literacy (AAAS 1993). and the 
Natonal Scrence Teachers Assexnston produced Scag Se 
quence and ( cordimation of Secondary School Scrence 
(NSTA 1992) These reports. as well as others. led to a oe 
tema! dealog on seemee standards resulting im the Natrona! 
Academn of Scrences Natoma! Sonor | die ator Seamdards 
NRC 1996) 

The staraiards for mathematas and «scree cducataon share 
mam core aca hagh cxpectatiom: for all snadents. in-depth 
study andi umuberstanstong of Core ComCEpts. cmphan on haw. 


ero 


on tasks thal promote active engagement with the subject 
matter amd 2 trong focus on reasoning. problem solving. 
amd thx atelity to apply boarmeng wither broader contexts 

The stanchards im both subpocts view teachers as the crit- 
<a) agents that cnatc students t© meet these more demand- 
mg bevels of performance However. a large proportion of 
current mathematxcs and sceence teachers were trauned when 
comcephors of teachmng and bearneng were very different from 
tudes ( omsequenth) both sets of standards emphasize the om- 
portam> of professeonal dev chopment for teachers Previousty 
offered a 4 sporada set of Def workshops to tram teachers 
wm specifa still professsonal development i now portrayed 
a 2 Careet-long process of Comtinwoush updating teacher 
muatibematacs and wrcnce kmow ledge and teachang skulls ( Dar- 
long -Hammond | Wa) And although some shoo! systems. 
«hoot and teacher have begun to adopt practices comss- 
tent woth the stancburds mathemates and scrence educators 
revogmaze that full omplermentation of standards-based reform 
will take much more time (Jones ct 4) 1992. Lindgurst. 
Dewey. and Mullin 1995. and NSF 1996) 

| sac profeweonal development. cquity remaims an impor. 
tamt Challenge for educatronal reformer in mathematics and 
scrence educatron At its base. egusty means that cach and 
every) student hay access to quality educanon regardiess of 
background race cthmscity of hocaton Some of the busiding 
blocks for equity are 


@ full qualifred teachers who are know ledgeadée shout the 
subyects they teach and 


@ appropnate mtnachonsl strategies curncula. and tools for 
awscwung student performance ( Darting-Hammond | 492) 


Ome of the crvtvcal meses currently facing educatom 
bom to acheeve equity and excellence amed the complexities 
born of an mcreaungly diverse natonal makeup Of the 45 
millon chiidren enrolled im clementary and secondary 
shouts om 1994. approxemately |‘ million are ethnec of 
tacsal menontees and 6 millon come from homes where 


Engiesh ms mot the premary language spoken (NCES 1 996d) 
There are still more challenges how to make effective use 


of the omformaton techmotogees that are now Commonplace 
m homes and workstcce, as towts for reformmg education 
and empron ing teaching and icarning productrvity. how to 
cme Cometency im approach and quality among mestruc- 
tomal matenah teacheng ascwment of shadent learning. and 
potecees formed at drstrect or state levels. and finally. how to 
comtinuc tearning how to mcmprove and what works and 
doew t work im improving = the quality of education 

( tearty. the rote education plays m our pervenal ives and 
wn the matron + well-bemg has grown over the years And the 
challenges m mathernatcs and scence education «and in ail! 
how! vulbpects. for that matter are before us as educators. 
students parents amd community members And although 
these Challenges me: differ froen thone of vears past. it rs not 
chear that there are necewsarthy more of them. nor os ft certam 


that they arc any more daunting than they once were ft man 
be that we are more comcermed and know more shout math 
cmatacs. wcrc. aad teochmotogy cdwcation om the mation than 
we dal 20 or W) yours ago As shown mm the chapter. what o 
. “aon ms *hat we have 2 stronger revcarch bese and a deeper 
Tore far-roa feng sctof matsomal and mmtermatromal mala ators 
of pertormanc than ever before (Soc “Micwsuring the Per 
formar: .! the bohacuteon System | 


Chapter Organization 


The chapter » onganered mto three mam parts fiw. a 
detarked Gow npton of student ahecvcmen om mathemata, > 
amd worctme mp peo ahed. wooed curmoulum and inetracton 
are CNamened. and therd teachers and teaching are addrowed 
Those Latter Me parts are presented bocausc they are the Com 
Poments of the oda stron prow thought to have the greatest 
derext influence on student acheevement The chapter com 
chaos with a sammemary of tromds im thew three arcas and an 
amteTprctation of what thc. may moan toe cdkacateonal progross 

\ maher the student achecvorment socteon. the performanc 
ofl S students on oth nateonal aad mtcrnatromal Comte ts is 
cVamened om ogdet to addres. the fodkowe ing questacmn 


@ bayc mathematas and wrcmee achecv cement m the | asted 
Mates ompnn od om tie law decade of mare ' 


@ is the acheewoment of afi students rogardiow. of demo 
gTaPHR group empron mg ” 
@ How have the courwtehing patterns of |S students 


changed mm the lost decade and with what cflects on 
aheovement ” 


@ How do lS students comparc «with students on other 
matroms om mathcrmatas ard sect achecv cme ' 


The sccond mugger sectron of thes chapter om curmculum 
arma ometractoon focuses on the follow eng qucston 


@ fhe de the muathomatas and wren Curncula cypenenced 
hm US studies compare wath curmculs m other Countries ' 


@ Whaat are the wemehantecs anal differomocs in the tna tens! 
Peat ad rowertoes awd ml OS aed offer cheer ° 


The therd mapor sectean of the chapter cvamunes "he back 
ground of |S mathematics and srence teacher im national 
ami mternatonasl contests The drcusson centers on thew 
Qucst poms 
@ Are teachers well-prepared for teaching mathematns 

arad scree * 

@ Whe are teachers .ecws shout teaching mathematics 
and «rene ” 


@ What cffect = the standards-based reform men cement 
having on the profeweon of teaching ° 
Many astons! and imtcrnatrona! data wurces al! haved 


on natona! probebelty samples have been mened m «rt 
ong thes chapter The first secteon of thes chapter can be cam. 


Crapeer | Elermentar, ac Secordary Ea.cator 


med from 2 qumicr of perspectives wung a varcty of data 
source The dcussson here draws on three pomar sources 
the Natoma! Awseawment of Educational Progress (NAEP). 
the Third Internateonal Mathematics and Screme Study 
CTIMSS) and the High School Transcript Studies NAEP os a 
reteaitc mda ator of achecvement for lS students Sence the 
catty 1970), NABP has conducted trend awowwnents every 
Two yoars CONCTInNg mathematn,s «rnc roading. and morc 
revemth writing lhe anocwments draw on nathonall rep- 
roemative samples of 4 |}. amd | 7- vear-okds To date. cxgit 
trond asc swments havc hoen Conducted im mathemates and 
MC I WRC 

NAEP abso Comdacts suldpoct matter awowsments peru. 
cally on a wader range of sabyects mchahing history googra- 
py. ches. COMpeter Competence. art. and mus = Subsects 
are Conered of 2 notateng hae wo that m one ascent. the 
facus man he on mathernates and rence. and m the acu. on 
beter) amd «waceel studees Thow ascewments draw on na- 
homily ropresentatne samples of students on grades 4 8 and 
| 2 rather than the age groups used m the trend studies Items 
mm the poredin sapent matter aswscewnents are revined fro 
Tk to Ti fo TOOT POraic RW scene sratcgecs and 
rethat pres ashing proto sseonal pudgments shout what students 
™ 2 partecular grade showkd be learning The tems used m 
treme! awweoeetments are fived «> that performance m asa ar- 
cas of shell and knowledge can be traced over teme. even as 
currmulum emphases change Rewults of the two kends of 
NAEP asscwwments are not directh comparsble because of 
these wampiong and content differences 

The socom soarce of student performance deta uscd m 
thes chapter TINESS. Compares the mathematics and scrcnce 
acheevement of chementary and sccondary students m the 
1 meted Mates «eth the achecvement of students mn other coun. 
tres TIMSS was combucted m 194-95 by members of the 
Internatromal Awan ueteon for the b vahuston of Education fh 
os the Largest amd mot amitetous undertaking of ts kind boty - 
frve Mateos tok part om TIMISS at the maddie whoo level 
twecventh and cughth grades) and )7 at the clementary «hoo! 
tevel (therd and fourth grades) Acheevement data and back - 
ground informatean were collected from students nm cach coun. 
try Teachers and principals supplred information about 
metracteomal Qoourors. practices. staffing Coun: content. and 
veces of mathematecs and scrence teaching ( urnculum 
gundes am! tev tied». from 46 nation were analy zed to pro 
vad information on the content and shill students om differ. 
om Counties are cupected to learn m cach grade Mathematics 
lowes were vahowtaped om a sample of exghth grade claws. 
rooms om the ( meted States, Japan and Gorman, to document 
dhflerences and semelarvees om the Content prevented and the 
wnat toma! appro fies uscd 

TIMSS results have been pulirshed in several reports 
Results of curmculum studees arc presented om three reports 
1 Spleetered bison An lewesmgetioe of | S Sctenee and 
Mathematn + bd ation (Sched) MeKnght. and Raizen 


Se Gee eee ee cater wae retire | grade TIMES cenit: eet oe 
weer oho 


Measuring the Performance of the Education System 


bow \omaitren fue a Owl) awe) gate! aba ate sytem 
Via ac aggrqggataors of wrallcr ic go nqgeemnal) wey storm o> 
oedeased oan ow call sateenai cont, “Vhow of fe 29 Coun 
tht partacputed @m TIMESS. for cyamnpic hae fewer han fine a> 
ote ip Gr cae of ame mateo «ach as th: | tend Saas 
tae sae RTT fc aS) ate more of low aaa «th 
om) wabrat eflecre cxcromed # Ge mateonal ieve! ( Scfemed. 
Rare ct al 1) 

‘wtemet, Raazer ct al poet cas Gat prota vowing & affected 
me he Gogres of Goemgacut) eaten Gar mates! chat + acrm 
( cute eeth a weer) eater can owe ety Sees CTA 
wae? ame! Goon@orn atwas oo erm periormaac mcuscrmen « th 
greaaeT cane tan Cowntnc oath meee compe dooentrahred ws 
wre (Schema, Rasen ct al 1) 

The |S eckacuteoma!l “aterm «Gen o@ cere accurate o 
cuitagacty of stems tt can fk denied for suencron 
mm tre fos awful © keep vateen denen wrrdita 
move im ment «facn Chek atoet fom to cage of perior. 
cua. DR ac atwed carneng pea tae arc musk arnat affected 
Dh metworks of Pra Dtaamer coxcarchers peta vrhers parents. 
and Coenemumet) amc Danumes hoadiers a well a by students Dee 
oot ateut what 8 scach are refleceed mo oancuhen frame 
ates a! owt otra bond! pra tiom tafe prodowansl 
do choapement ara! stahert perfoemarae awecewnents Doc mace 
amet towne awe are shared  «veral lieve of governement 
federal, tate. al bce! «6 whch oe tee Gtr 
«= Pees grak ikevel ad leer = across a Commmtry of 
onellaawe poo 

The states ae Ge perry agent of cba atom a dciqgated 
the | S Comsteteten However 2 long tradien of local 
So neceenaaimy author, atest ehyt aad hw & tach 9 deer 
ute! armor parcnt amc! tea fer grow anal «feed Parc for cach 
natn «fee deerat No tier few fhe tern » etre 
th Offouly © cewing «os heed © &® copie, 2 ach 
Cuneeng fe cater eexcr eaten Ge heegadgme of eniy wheal 
ute ame! COR © fe form of poapée place fete er 
ax! who 

( oenpured «th Commtne aca! Qe work’ Ge | S chat 
wtetn 6 Geteguevaed!  @ aA oqgeezien ad atten all 
chee Ghee dverwty of ar aadeomts « serves in the ©) cates ard | | 
setae. Chere are cower | 4.0) acts devtrects grad 87 (NED peat 
whee (NOES 1) 

Wink tera @ under performace ae! Coweta chor 
ake of arrowher ae! eet on wal pecparaten au) eae) 
foaors of teacher car dexcrte tre condition of vances cherment 
of @ stem te Go et meow) cracapeadkate he perfor 
of the clement: a Gey eteract. «ork @ Gaede. of change acrom 
te oem bow ceah aed © eft remo Gr eer Cong 
es Cee Sogetiker for cosary) 6 an eukcuter of pater wute 
charge (Chater 1997) 

The derma! » excremeng for vald ad rohaitke oahkco on 
acoummng fer the ae of pula coerce anf © tary ane! 
cxige eth parent, ochacator. ama! podacyrruahers 

Maan of ewe terme feu are affect: of gaat’ 
wah a oowtern loadierwhep partmeriegs aigrement of potas aud 
Peactac aad dort ara! teacher Croat) Nach eateres quash 
tes hue mot vet heen aaa’ ogeTamemaiind me acpi 
owhcater of a oy atern 5 performer 


( on~etcnt «ath the eter aomun Ge ( ceewtaar for Pot 
Rowarh © t diacateon fu devcioped 2 potent mendcl bor abe 
sam sy ects whe Cage om fee Comme! of 2 Phekateiptes ectorm 
prose tT qemred a pe codhoctan of puta: aut pate faders 
The cata fuse Crcuted a cure ard Gast alkees thom w mukec 
pahgrments stead Oe dogrec of Chunge actos varen chorments of 
the Phekadciptes coform, Gan crutény thom & porte, Ge mae 
onemt of te eyeterm as a whoke (CC PRE 19) 

No appro fie &) mca aad moet feo oll 
te meek & crcwtgate Oe synergy jor lack heroot) among wy 
fom Gorman What © goede! are wadkcator of how Gao var) 
owe chemments work topetiner of apart what factor characterue Oe 
sytem ame! @taat Gee cf t ae on haber atesomers idiot 
NSO he few <veral cocaech uke Gat agpert fio ace 
cuore derecwom Cie wah wah performed  ( chen 
ape! Phe 1997) hae oxamed the mecrrcigtomshap among teacher 
peotowemal Goechopememt Gk wc of Gammcuken mater and 
tke axcwnen: of sfaden performance im fasth and oaghth grade 
onatiermata s Claws om the ute of ( abforma What tiey found 
wager he pee of meuaing Oe Combed cfd of eywtern 
UT 

C ofer arnt Hell found tht teacher) «ho partcpated © profes 
wor! dochupement faxed on Ga uduen mutcrah peices ant t re 
form powh were meat more bach than other teachers & roport 
toa hey practaccs aiagned wath thew gosh Morcover. thew re- 
salt) aqgggpest that wher cha soon! improvement 6 facued 
of bearneng amd toacheng academa content and when currke 
turn for apTes ung tcacheng overiaps with the currcuhen and 
aecwwnent of student tcacheng practae and adem perfor. 
mance are bhkety to enpeowe” (Cohen and Hill 1997) In coher 
word: Cotter amd Hell have bogue &) measure he synergy 
ammomg system chements as they relate to iractonal mat 
ah amd have found cv hemes that wach synergy fesadts ot om 
peowed unten performace 

te pemeras he FS Curncudu © sot comadent wath thane of 
other Countres Gust performed «cll on the [MSS aecwenent 
Wher compared «ath other counties |S mathematics and a> 
omer Curroube are how fecued and wichade far more topes Gan 6 
omen @acrmatomdhy Thetgpes cgecedh © mutha 
tema! t rerram om Gee Currcuduen for more grade levels than » Ge 
Practor © otfeer Commerc: (Schema, MeR.naght. and Rauzen 1997) 

The ( ofan amet Fi eat. TIMISS ont ter gah agqeread 
NS we execute of Qe cocch Gt » eek ® chose ere 
eoeam bine, mach of Gee | MISS Gam os yet > te awh od Oe 
extmoe of Gee aad) bok forth Ge prom of mere los & be 
roared Miowe conewec® om enacrreade fang © lnpe aad offrent 
<Tarmg » cewcke! & aarer al efi how finde 

They teapecr Reg to mec om te rection of Cuameung ye 
term Poche! arf atew ade of mathemati and xocmer 
oxha stow at he chommentary and coon ive! The vara mee 
wo of aden performance feo enpertect pred ome 
owdence of evstere outcomes There ar ll ea more eco 
tor & be devetopent Qt well ad kcal docewonmaker, aate ax! 
feukera! podaovrrashers cchacator, patent aud Qew Cornereset) pat 
mer) Altonggh wc do aoe vet ture aff of the dowraite miormunon, 
wc hee mea mere than we oc dad mor © maths od 
«were Gham oo other aatyeect gem aud more 2 he chomenerry 
aad commer) kewets Guam at the postecomdisry lieve! ad Revorsd 


199") and to volumes one for mathematics and onc for 
“once «thal present internatenal comparncam. Mam |, 
som, Many dim (Schimedt, MeKogit ct al 199". and 
Schmudt. Raven ct al 1997) Internatonal acheevement and 
survey results are available wm four. ‘umes. ane for cach sub- 
yoct by grade (Heaton. Mulls ct al 1996. Beaton, Marten ct 
al 1986. Marun ct al 199° and Mullen ct al 1997) Rewults 
from the survey of cghth grade |S tcachers are prosentod 
wm Mathematns and \scace on the baghth Grade (Willams 
ct al 199°) Synthescs of LS. fondings from componcm 
TIMSS studhes are published im two volumes of Pursaeng bi: 
oollence, one tor fourth grade (NCTS 199°C) and one for 
coghth grade (NCES 19960) 

\ therd major source of mmformatoan shout student pertor- 
mance « the 1994 High School Transorng Study. wtuch 
hased on the rooands of over 25 (0) soman who graduated 
from tagh school that vear The transcrat study reports infor. 
maton such as the mean number uf credits carned m cach 
sutyect frcid and the percentage of students carnming a given 
qurnber of crodits in partoular sutyoots (NCES 1997e) 

The drscusman of curnculum and mvtruchon m hasod 
iatgely on data from the TIMSS curnculum analvecs. \ doo 
oteen abonal studies. and teacher guceonnaites The toch. 
nology portan of this secten nm drawn fram a rocent survey 
™ the aatus of advanced tclocommunscations mm publ c! 
ementary and scoondary whaols (NCES 1997) 

The therd soctien of thes chapter. on teachers and teaching 
s hased on compansons of data from the TIMSS teacher gucs- 
hennares with rewilts fram the Natbonal Survey of Scrence 
and Mathematics tducaton (NSSME ) conducted during *he 
}99 194 echoeol voar (Wen Math. and South 1994) NSSMI 
wtech was mutated m 197° and updated m 1985S. « one of 
the most comprohensnc sowtoes of dctasied informathan co 
the preparaton and classroom practioes of mathematics and 
scrence teachers The dixcussan of teacher qualification im 
suppicmentod data from gucsbonnaies admintcred as 
part of the 199394 Schools and Staffing Survey (Soe NCES 
(Wt) Information on teachers cfforts to omnplement oduca- 
tonal standa;s mm thew classraem: « drawn fram a «hoo! 
reform survey conducted mm spring 1996 (NCES 1997) 


Student Achievement 


Trends on Ss mathematics and scsence acheeverment arc 
eived but sommes hat postive an the whoke Students arc more 
offen taking advanced courses mm hoth eubyocts, and ther per. 
formance » slightly improved from. of no worse than. the 
performanm « levels ect m the 1970s Larper shares of otu- 
dents inchadeng thos from underrepresented racsal and cth- 
mx groups arc mocting hase levels of proficeency m both 
sulyects than m past years. although wide gaps mm actieve 
ment roman between students from thes groups as Comparcd 
woth whites and Awam (Soc “Do Policees and Sacsamoonomna 
Factors Play 4 Role mm Actuevement”) 

Several studies have attributed differences in mathematx + 
and «sence acheevemen to the types of Courses students Com. 


Onapter |) obaernertary and Secondary, §Guc ator 


Do Policies and Socioeconomic 
Factors Play a Role in 
Achievement? 


Pertormance differences among states may reflect 
amy sumer of facton including differemees in oduca- 
vonal polcy and in demagraphs characternstics The 
1996 Policees and Practices Survey. comducted by the 
Counce! of Chae State School Officers. prowides unfor- 
maton on several useful indicators of imstructional guai- 
ity oumber of mathematics and scscnce credits required 
for graduatbon. status of standards implementation. and 
requirements for teacher hoensng (CCSSO 1996) An 
cxamination of these vanables revealed no systematx 
patterns that might accoun for performance differences 

Sato. 

In the arca of social and coonomac factors. there arc 
suggestions from same studies that differences nap 
portunity” may be linked to differences im student back - 
stuches have shown that poor and minonty students arc 
more likely to attend schools with severety limited re 
sources and less well-prepared teachers. more likely to 
be surted into low academma tracks that lemme thes ac- 
cess to advanced mathematics and scence Courses. and 
less likely to attend schools that offer these advanced 
courses (Oakes, Gamoran. and Page 1992) 

Performance in mathematics and scsence may also 
be influenced by other demagrapha charactensics such 
as family background A study that cuamined the rela. 
bonshep between increases in achseverment and changes 
om famaly charactenstics in the | 980s found that gains 
made by white students Could he Completch accounted 
for by umproved famih corcumstances over the years 
cxamuned, but anh one-therd of the gauss made by black 
students and virtually none of the gamns made by His 
pans students were explained by these factors 
(Grewemer ot al 1994) 


plete (Jones ct al 199) and Grameoran 1986) Acting on the 
premese that more high-level cowrecs well result om hegher 
acteeverment man sates and «hoo! distncts raned gradua. 
hon reqguarcments in mathematens and «some (as wel! as mm 
other core satyocts) follow mg putecatvan of 4 Nato af Rid 
by the Nathonal ( ommnwon on Excellence m bdacation 
(1983) Two vears hefore its release. onl none states roguired 
two of mare voars of «sence and feo of more voars of math 
ematics fifteen voars later. 4) etates had put thee stricter 
graduation roguitements imo place ((C ( SSO) 1988) 
Comparisons of |S ache crment with that of other coun 
tines pronide anather onportant perspective on how well atu. 
dents and whacls arc performeng International Comparrsans 
reveal that. although | S students arc performing retatnch 
well mm «uence compared woth the row of the world there 
romarms much room for enprovement mm mathematecs The 
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performan.c of students on high-sconng nateams domanstratcs 
what « powhlc for dudents to acheeve at the clomentary 
middic and tagh «haw levels on thes of amy Country And in 
« downg. student performance on orcas pros ades onformatian 
oducators and paloymakern can us in «Thing approgwiatc pee. 
Os, capectabom., and goals | nfortunately, there 1 mo rel 
atic way to determune if the |S atanding has eprmed oF 
wormoned mm rocemt years (C ompansans with carlect assow 
monts cannot he mad hocaus of methadebagecal differences 
hetwcen the tudes. differences im the coment tewted and 
change. ©§ Countnes partic spating on these tests (hor further 
information on porlormance asscewnents in pomeral we As. 
wowing Mudent Performance 


Scrence Coursework 


High «hoo! graduates om the | 04h arc much more lnkehy 
to have Completed advanced cowrecs om the ssomces wach as 
tology. chomestry. and piywecs In 1904. 9) percent of grade- 
mes had taken thology compared woth 77 percent of 148) 
graduates Semelarhy more than half nom take chemretry com. 
narod weth less than one-therd mm 148). and one m four now 
compbete ptrwes compared «rth ghout ame on seven on | OR) 
\ithough they roman a men ascule fractsan of the total the 
proportion of students completing advanced placement 
courses on these scrence subyocts has also morcased 

hemalce graduates arc more brkch to have taken tology 
and Chemestry on hgh «hoo! than make students hut lew bikeh 
to hawe taken physncs Thee represents a change im the 
ourvetaking patterns of voung women as compared with 
young men in 198) fermale graduates were about as likely 
a maics to havc taken Chomestry and subetantialls bow bidch 
than males to have taken pisces (Soe figure |-i ) 

Mudents from racial and cthon group underrepresented 
m «rence made wihstantial gamns om the proportion taking 
advanced «sence courses More than @) percent of Macks 
Howpamcs and Nate Amencam sow complete high «toe! 
haveng taken teolagy in chemestr. the proaportean of Macks 
completing the course doubted (fram 2) to 44 percent) rates 
for Hespamecs scary trpled (fram 16 to 46 percent). and 
compichanm ty Nati Amen ans ros fy marc than half (from 
to 41 percent) heteoen 198) and 1994 Semelarty. progres 
was made on plrewcs coursctaking hetwcen 198) and 1004 
although the praportans of students tram Hack and Hispann 
groups romain lew than ) percent The propertien of blacks 
taking pirwcs almost dowhled and the percentage of His 
famcs nearly tnpied No drcermnibic morcasc on the proper. 
han of Nate Amencam completing pines was detected 
ower the |)-vear pera All m afl and deepete the progress: 
there remains a substantial gap on the proportions of Macks 
Hispamecs. and Native Amencam whe take chemrdtry and 
firwecs compared with Awan Amencans Pacific Isiander and 
whites (Soe figure |-2) 
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Science Proficiency 

in the 1971. sceomoce proficeemcy scores of clomentary and 
woondary students romammed largely flat. but bogenning im 
the md- 1980s students hogan to show emprovement (Soc 
fopure |.) ) By the mmed-1900k. 9-your-cdds and | }-wear-cbds 
were scoring slightly hagher than thew counterparts of 1973 
and the «ores of |7-vear-clds had rebounded to the higher 
1973 level 

CO} all schol subyects. «sence mm partcular has hoon a tick. 
ig Poet on companswem of student performance hetwoen 
sexes and among racial and cthnx groups The underropre- 
sentahen of women im the «ecnce mathemates and tech- 
~ohagy workplace makes «1 -hased acthevomen differences 
2 COMtNEME ConceTn arpong cducators However nabonal 
assoewnents of cduc atonal progress reveal that there arc no 
real differences in wcnce proficsency Netecen 9 year-old girls 
and boys Therteen- and | >-voar-<sd hows cdige cut girls m 
crence performance. but thes difference m «mall and has nar- 
rowed for | > -yoar-clds eance the carly 1970) (See anpendn 
table 1-3) 

Of much more compeliong comcern at the moment are the 
raceal and cthax: dofferences that roman om «rence achreve- 
mem The performance of Mack and Hispanx students at all 
age grows was far below that of whates mm 1996. as has hoon 
the case for decades And although the difference herecen 
Mack and «hete tudents has declined for ¥-vear olds and | 3. 
voar-alds wince the 197 the deaparsty for | 7 -voar-cbds re- 
mans virtuallh unchanged There has hoon mo change in the 
differemc hetecen Hispanx and white acteev coment at am 
age Nvotage test cores of Nate Amencan students based 
on a related 1996) sceemce aveceement were closer te the 
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natronal avctage than «= the case for Mack and Hirspanx stu- 
dents Lower acteevernent » thought to he ome reason wir 
menor) students make drfferem chectre course chonces oF 
arc ~teened out of a_pertunmecs for mare advanced study mm 
srenoe (Oakes 1990) 

Its also useful to cramene actaevement differences across 
Mates Scromoe proficeency was reported on 2 statc-ty -<tate 
bases for the first tree on 1996 (See “The Making of 2 New 
Scronce Acscewnent ) Figure |-4 shows how coghth grade 
students on cach partcepating atate Compared to the natonal 
average in gencral, most of the high-scormg tates wcrc in 
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Figure | 3 


Nebonai trends wn everage NAEP scate scores in 
science st ages 8.13. and 17 
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the ( cntral. Western. and New England regions of the coun- 
try. whole the magarrty of the lower performung states were on 
the Southoas 

\crows ate. races! and cthex defferemos mm «acter prof). 
Oc were apparent. and thew Crow-statc defferences folkewod 
carn of the ware pation as cncrall aate-ty state tow ever cht 
ferences That ms etaddonts of afl races and cthewcees todd 
score mage haghhy mm states «ath fagh ov crall «scnce periorrnamce 
than «= dates wath come@erth keer performance Hoeccr the 
magrutade of the deference mm avctags core. \aned to a aap. 
omg dogree fromm cme tate to another Wctage «scence cores for 
Henan and Mack populate for camp Suctusted one. 
meen actons dflerere autes 

Hlack students scored Neko the nateomal avcrage m «cremoe m 
all aac. Blacks «ored haghesw m ( oborado. ht thes wore was 
mot as tngh as oven the lowed average for «fncs of amy tate The 
Largest actecvoment gam hetecen flack and «twice tudor: were 
om Weoomen ( cemoctowt and New York Wath the cxcopmen of 
Now Vouk. Hewguamec etudionts om states knee few thew lange Late 
pogeaates § « abeformea Tous Phos ad New York achacved 
the national ovcrall gvcrage score for Higa acne wots 


Mates wore cigewdt ood os fedliees (Bcc ct el 1 OW: 


@ Nertheew $4 cement Meigen Destruct of ( otumien Moa nec 
Maer) lamd Mews tects Soe Musee Noe fore “cw Yew, 
Penmes ts amen Rtkewte belemd Vereneee amd | Northere) \ eget 

@ Seutheest Aisherme Artem | berwds (romp Kemtmts | cee 
comma Mew engage Nett atotame Net? ( aretema Tommceen Sat 
cre) \egera and Bew \ ogee 

@ ( eotrad— ition. indoame foe e Ramee Macteger Meneceta 
Mieswet) Netrecke ‘North Diebete (fee South Iiebetse ond 
Bence amd 

@ West Alevia Ariens ( sieferme ( oberede Heeen Mabe 
Mewtene Nevada “See Metaco (ieteeme (Prepon Tenge | tah 
A pchengie amd Wi cemong 


The Making of a New Science Assessment 


in 1996. om order to better measure the effects of cur- 
romt approaches to «sence education, the | S Depart. 
ment of F du aton made major Changes to subject maticr 
aweceatnom! om scrome through its Natonal Assessment 
 Educatronal Progress The new test represents a de- 
marturc from carer omnes both on the scoence that 1s tested 
amd ow the way « os tested Foret, factual knowledge u 
assessed withen meaningful «rentifx comerts Second 
vcl of performance Gopends not only on know lodge of 
fats but also om the abebity of students to umtegratc this 
formation ute « larger body of knowledge. and the 


capacet) of students to use the reasoning processcs of 
“treme to develop thew understanding of the natural 
acid 


The 199 aseceerment used « varcty of methods for 
measuring Mudcat periormam « 


@ multepic «hone qguesteom that assess students know). 


odge of emportant facts and concepts and thal prote 
thee analytecal roascmeng skills 


gure 4 


@ written response questions that caplorc students 


abletes to Cipla. integratc. app) reason atkewt and 
 ornmunk ate «ocetfk informatbon and 


@ hareds-<cm Lasks that moasurc ttudents afelics bo mac 
otecrveham. perform mmesiagsham cvahusic cupen. 
mental rowlts and apply protdern-soty ing shill 
The framewort from wtech the asecewment was Com 

Mtructed eas developed through a comensus proces that 

brought tagetm- scsence teacher. curnculum cuperts. 

other educator. pwehoymaken. members of the busses: 
coonrmunet) and the peneral pula The framework din andes 
ceomce umto three major fockds carth plrywcal and lifc 
wocmces MH also asecescs each mental processes omportant 
tow sceemtefx thanking as Comoeptual undervtanding. prac - 
kal Toaecmng amd om~vcsagaban by capenmentatscan 
Although the changes mtroduced im 199) mat a 
meaningful and mch ace source of information on stu- 
demt performance Comparisons cannot hx made «@ ith 
rewalts of carlect axecxwments ( omsegucnth the «hap 

ter rebes on the NAEP trend asscewments im «rence mm 

making Comparncons of student performance ower tome 


NAEP grade 8 average scate scores m sceence. by state 1988 
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Assessing Student Performance 


Assowenert «om the ohkxcatomal comet! oo he praces: 
of gatthonng oO dence atwed a student 5 know todge of abelrty 
use and Geypowon toward sorme eubgoct maaficr « wth the 
purpose of makang inferences from tt evademoe fer a van. 
ot of cms A tow 2 mcasuning cuinemery for cvahusting 
amd Gaoumnenting thowe cagcornes Sempic cnough to descntc 
axscwericnts atc mot sammie to devine noe have they proven 
Cas) toomtograte cflectrvety withan the tructonal programs 
of lange cd@ucabon wywterm Al thew comceptual hase, aseow- 
omonts atc a Commpbe ordewvor and the inferences thst can be 
vane fromm them: foe ond adusl students teacher. stands a 
well = «whote cducatbomal oysters nood to be Comadered «ath 
oaamcTOR Caveats 

There are differences of cpumon among cducatorn. re- 
scarchen and podcoyrakers abou the dougn and use of stan- 
Aewrd@uod and performance-tuned awcwwnents 

Tradepomal ttamdardired tests sual) of the short an 
seer vancty that arc admunestered wored amc mmterpected 
(9 8 CORe@ent manner wherever and to whomever grven 
ace the texts thal are mow offen now om place m states anwi a 
the nateomal bevel Het they do not necessanh measure wel! 
thowe aspects of learneng such as crostrvety. deep conceptual 
umxdertandeng. and the abut) to app icarnang om a number 
of comtiexts decmned emportant of appropmate by mary of 
tox « cducaton Tradstaomal tests of student performance 
\amewenmg 2 qucwtson with a wngke correct short ansecr) 
are an cfficent method to aww lange numbers of students 
theme cont However tradstpomal norn-referenced multpie 
choece tests are crpcured for not adequately meauaing com- 
pet Cogetin: and performance atelnes Morcower. they 
car often hoen used to bens students access to further earn 
om opportunmtes (Darteng-Hammond 199! Cilaser | 990. 
amd Chakes 1985) 

There are a varnety of clawwocm, schon and schoo! dr. 
oA t state and nahomal tows used for nunecrous purposes 
Toe ascent fumctiom enchade the folks ung 


| To mumke Gocesors shot the performance of madevedual 
vader. and COManwom among tudents 


@ To determame the beve! of degree of attammment in 
a spectic comtent area of m a body of coment, as 


‘ome Witaradeng the «utwtantesl cultural offerenom aad oar 
eh mM PO Tah <ttheng patients acto (how aaics aad « ahen 
the | OS Pherae pogeaiateon ¢ eas most offen om \omthowacrn 
tae that Henan tudor actec coment lagged tarthew Noho! 
The larpest Gfferences oteocen averages for Heepanecs and 
athetcs were found «mm ( onmectacut. Now York. and four 
\omstioatiern etates (Soc apgecendies cathe | 4 few acucmoe achacve 
ment sccoes for Asaams Pacefx belamdcr and Natee Armoncam | 


chagnones of indir. xdua! Mtrrengtte and ecabnesscs 1 
a comtent arca. and as a rcadmmess undscator to Geter 
mane if an individual has attauned the requrssc 
levels of undermtanding doomed necessary for can- 
tumwed study m a given comtem arca (Brewca and 
bortume | GES) 


@ To make deciwom about student promotion from 
grade t© grade placement in remedsal co advanced 
level cowrse tracks and for graduation from ane edu- 
catonal level to the next (Madaus and Tan 1993) 

To angwove instructor and iearneng outcomes for shadents 

and © imform students parce: and toachers atuas stu. 

dem. clawwoom. «heol of detnct progress ower tome 

(Madaus and Tan 1973) 


\ To hold educatona! system accountable for perfor. 
mance to make statewsde docnuom shout the alhace- 
ben of edwcabonal resources and intervenor and to 
asst Pobcymakers and researcher: im making CO abua- 
trve pudgments about the performance of cursting odu- 
cavonal programs and practices of the need for ace 
ones (Madaus and Tan | 99}) 


The Natoma! Acsowenent of F.ducatonal Progress has hoon 
edacted 9) mathemancs and wocmcc boarneng samoc the Late 
| Ottis anu carty 1970, NAEP uses a formal, eysternatax pro 
oatre to ota a wampie of tudents Lnowtedge ower terme 
and to make generalvzahom shout how audert pogualatece 
are performeng NAEP has attempted to add performance 
eT to i askowwnent! apgwoach m cedicr to axweet mm mice 
img oot ont @udent: kmowtedge of mathematics and «> 
once. but aloo thew abebty to appt) tht know tedige ard to 
atoculate vances agpects of protien sat mg 

Numerous alternainc acne cupcrments arc Noung 
omgiementcd and dchated m « hoods aad COememusmtAcs ACTORS 
the maton [fferen towing aternatr cs im bade pertorrman c 
tasks cnen-cmded gucw. ™ portiogsos obwer shan and atu 
dent journal ertmg and wif cuconent 

In recers vears there has heen a conceptual eft im xen 
remcarch and podacy caches as to what communes “poref as 
wowwnents of actacvernent Scene Currents trends im measuring 


ts 


and smalvring student performance mx bade 
U.S. Science Proficsency in an 
international Context 

in the fOCCT emtcrnateea! Coemparain.c tad) of mathcmat 
os and ecocace schecwoment (TIMSS) € SS etuedemts 
pertormed hetter on scsemce than on mathomatecs and heticr a 
the fourth grade than at the coghth grade lewe! | S fourth 


graders pertoemed very wcll om the wectce aeecewnernt = fhicy 
anwected 66 peroen of the wocnce storm correct’ (compared 
«wth the ternational average of 89 percent: Phe omiy nateon 
to score sagmeficanth hegher was South Korea (Soe figure 
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@ greater cmphans om assceseng hagher order then - 
omg Maalls and procewnes 

@ comparing suder: performance «ith established 
Mardards 

@ making Che acewnent proces pula parbcepatory. 
and dynuinn and including students as active 
Pharta chants on Tic akeceACET Prac]ess 

@ crsurmmg that ai) students have the opportumsty to 
acteevc thew potential 

@ aligneng asecuument with curncubum and mstruc- 
hoe and other pono and practices. 

@ mabing inferences and of judgments based on 
rewitapie sources of aadence and 


@ ..cw ing aeeceement as Comtenusl and recursive 


Roscarch findings wagpes Gust acteevernert tests of ary 
tund are not 2 good preckctor of success Mary forms of Deas 
affect performance om tests the chosce of ems. respons 
doomed approprute and the comtent selected are the prowkact 
ft utmural and Come tually determaned padgments (Csarcaa 
and Pearson @ prow Cardner |G). and Sacrnberg 18S) 

The factors that influence test scores (¢ g . opportun- 
tees to hearn. poverty and saceal class. test motrvehon and 
testing sarils language abebty and educatonal capern- 
cmces outeede of the classracen) are eeli-documented 
These factom sometimes occur pommthy sometumes af 


different mes om the test-takeng process. making 


ompowsiMe to track cach systematically As Onkes ct si 
(1990) pount out although individual effects can be sdéen- 


ufved for both race and soceal class, for cuampie, i 1 the 
combenatoe of the two (thew muluphcative power “hat 
needs to he cramened and measured But ace forms of 
aseceermment Go not themecives remedy these sacsarco 
ROMA COMPA. ites 
[Darieng-Haremnond | 06>) argecs that changing test 
forme amd format. evthow changung the =ays mm etach a 
sowwnents arc used will mot chamge the cutcome of oduce- 
toe The oguetaite owe of performance asscewments depends 
oe hoe? the dewgm of the tests themectves and how wet! the 


‘) in adden. |S fourth graders carned scores hegher 
than the omternateonal average om all fowr scoemce Comient 
areas carth «weence. ife weenee. pirweecal eocnce. and con: 


rommental nears nature of xeence (Soc appends tate | -S ) 

| S cogith grade tudents performed ices eel! relative to 
thet Commtres om «rence than fourth grader wormg pow 
shone the omticrnateomal average | oghth graders im the | nated 
States anewered S*® percent of the scecmee mem correctly 
compared «oth an imternahomal average of “6 percemt (Soc 
fygure |-+ ) Lake LS fourth graders. wores of 1S cogith 
grade students cicceded the imternathomal average im all «: 


ery 


AMAOEEE Pracbor are imierwowen euth the progress of 
«hao reform and the egroverment of teachsng 

However an asscanment thal sflempts to perform too 
many funchons will mevitatty do nome well Some func- 
boms must be passed over m favor of others. and « us at 
thes pount that the test developement process can become 
rowed on muxcommunscabon It 1s vital to delmeste appro 
priate roies «student diagnos. curncubum planmang. pro- 
gram cvahusbon imstrucbonal enprovement. accountabebsty 
and certficaon foe different assesements (| inn and 
Herman |997) And umportantl whatever test « crested 
must be crodubte om the cyes wf the puter 

in awh 7img test rowsits thew moanang must mot he mes 
undertocd for campic. the roaults of a test grven at varnous 
grade hevets showkd not be mmerpeeted as if Gary were an as 
seumnent of the progress of the samme students over tame (i ¢ | 
somgetadenal) The rewuits of annual acheevernent data reflect 
a (CTOM-secbonal) @apahot of progress af Gat green Gre 
The tests adimenestered as part of TIMSS prowade nich mfor- 
ouaton abowt the performance of |S students compared t 
thone of other countnes: m mathomsnecs and scaemoe. and pro 
vade Commectons for understanding performance «than the 
coment of curncubum and matructon at qpectfix grade lewets 
Homwever TIMSS date are not longstadenal m nature. moan 
omg Gast the same students are not beung tested om the fourth 
grade and then four years later m the coghth 

Much more research « needed on the faurness and vo 
iadet) of new modes of axecsement in addstom to these 
CORCETMA werhgabons into the effects of algnang aseces 
ments arth ngorows dandards for student acteevement 
wowkd benefit a multetade of bocal. state and federal sud) 
caces Nonethetess tn not ont the form of the tests that 
|) em™mportant on determenmg the mmpact of an asecsement 
program on students teachers. and schools. 1 the ase to 
whech the results are put (Mesmck | 989) 

Thee Geecwsman concentraas heady on various Comoern 
ropardeng the measurement of actecverners st the chementary 
and scoomdar) levels where at least samme actiom: bewe hoor 
taken to assess performance, ee mc the 
posteccomdary level where gaps roman 


choc Comenm arcas carth wsence. fe scecmce. plrwencs. chem- 
mtr, and cmrranmenta! meves nature of wocmee (See ap- 
pomies talc | 4) 

In the | ated States. hows scored siegitth) haginer than gurts 
wm scsemce at the fourth grade. bet there was no difference 
hetecen the scucs at the coghth grade in other Countres that 
partecepated om the study hows cautperformed gurls mm acsence 
m 40 percent of the cowntnes at the fourth grade and m ai- 


most half of the Counties at the coghth grade (Soe append: 
talc 1-7) 
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sigetra 2 and goornetry. and abuat 4 S-geoemt mxrca m cal 
cules wace 198) Hagh «ten! females are ome more lkch 
than males to have taken goomnectry and sigetes 2. and show 
as kel) to have compbeted calkcwles (Soo figure |-7 ) 

There roman watstantsal despariiacs across faces! and cth. 
an groups in advanced mathomatas cowrctahing The gap 
\ apparent io goornctry amd aigetea > as well as m the most 
ad anced Counc om the college preparatory soqucace In cal 
ules abot one-quarter of Awan Americans Pacitx isdand- 
ets Completed the Comme Compared «ith shot 10 percent of 
wtutes. 6 peroent of Hespamecs. and 4 percent cach of Macks 
amd Nate Amencam 

Hhomevct dewpete the umogual corodiments progres has 
hoon made m the prorertaan of students om all races! and cth- 
ox grow takeng advanced mathomatecs Half of more of 
atone Hepans amd Asean Amencan Pacef bsdamdcr saddens 
om the claw of 194 Competed aigetes > and pooenctry. the «> 
walled gatekoope Cowes foe advanced tad) mm mathomataxs 
amd mec | ange gaum were made m grows andorrepecenicd 
m= mathomates hetecen 198) and 1994 The proportion of 
Mack tudents taking goomectry mcrcased froen 29 to SS per- 
com hetecen (98) and 194 The properteon of Mewnamacs 
ecm from 26 to 69 percent. and the fractan of Nate Amery. 
cam tkemg goommectry row fram M to 6) percent ower the 
poread The grog sho cipenenced 1 to 4) percentage 
pout gam om aigetes 2 (Soe fogure | 5) 


Mathematics Proficiency 

\Viathomatas performance of | Students rermzsecd faarth 
talc Gurmng the 1970 and began to enpeewe mm the 198th 
The moet rocent avecewments wndecate wrall Pet sagnef scent 
gam tor ¥-voar-okds and | }-vear-clds through 1986 (Soc 


: MOL 
De xeeerrrrrrr ri Lee so 
| | 
- - ve ane 
See eer ate 8 Sores binges pete | (OR 


— gered: tee + Soares 6 fgreery macator Ot 


fogure | -9 ) Om the other hand performance of | 7 year-olds 
remnasm at the 1973 bevel after rocowering froen a sieght dap im 
the 198° 

Although the actecverment of | So students & mathomatas 
has shewen sioght gages cnet terme there rommaem 2 lange progee 
team of etadient: unaitic 0 demmoertratc any thang morc than bo 
sx levels of knoe ledge joften awexusted wath NAEP level > 
performance) (Sec “The Makeng of 2 Now Mathornatacs Av 
sowwmnent ) Thes rs partecularty true at grade |) where pet one 
wm enn @udemts performed at oe ature bewe! | (hewe! 4 Rewng the 
heghewt) At grades 4 amd & reagpextnch apprmemateh one m 


‘Tietete’ Gru ogee of heme cot fount oe ( angie cn | Om, 


The Making of a New 
Mathematics Assessment 


Natons! Awcewment for tducatonal Progress tests 
wn 1940. 199) aed 1996 differed markedly from cartec: 
asscewments om that they were desagmed to reflect the 
fCaatrely sew Content and teacheng standards pubtrshed 
bh the Natoma! (ounce! of Teachers of Mathematecs 
(NCTM 1989 and 1991) These sewer acecsements mm- 
cluded quevtboms from the five core comtent arcas dc- 
fumed D\ the mathematecs standards 


@ numer some propertes and operations. 
@ measurement 
@ dats analyes. tatetecs. and probebelty. and 
@ sigetea and fumctoms 

The 1990. 199). amd 1996 eustineenatncs aseceaments 
ae aMOTN fo measure shadents Cogmetive adebtaes wach 
as thowe crmptanized om the tamdards reasommng prod 
com ving. and Communes aung = rth and about math- 
ematics 

Noth same bonec that amdards-lased aveceuments 
secre heung developed efforts were made to asenceste 
qummencal scotes om the test with descruptrve leiets and 
def metpows that Capeure the bevets of huncws texige and shall 
dermoestrated by students overall respoeses to test 
term Rewslty from the |W0 asecswment placed per. 
formance of a Contawum that ranged from know tedge 
of “wample arvthemenc facts” at the low ond to know!- 
odge of “rmultestep profiem solving and algebra” st the 
hagh end Rewalts froen the 199) and 1996 NAEPs were 
reported at ome of four proficeemcy lewels that ranged 
from “thelow tase” to “edvanced ~ The value and ve- 
idety of these proficeency levels hawe been matter of 
debete ence thew mtradecton (US. GAD 1993) To 
peTinet Comparsiteiety with reported rewslts evthowt com- 
vovimg padgments show the capadelrtees a particular 
cote represents. thes chapter reports performance ies - 
cts samply Gesepnated as levels | to 4 These levels cor- 
cowpoed sumencally to the wore ranges used m | 99) 
ard | WV) mathomatacs awscwumnent reports ( Sec appen- 
dx table 1-10) 


fre amd ome om foe auddents performed af thes bewe! Dtewpete 
th ean poentang mows then an eng cmc fron | AD ation 
vaitwtantuals fewer sudden: demoerdtrated kvc! ) periowmance 

Hhomevct Comeadoraite progress fas Poon mumdc om the | 
m the propertion of audewts perfoemeng at leew at keve! 2 
Hetecer 6) aud OY peroem §«dopendieng om grade ieve! of 
eadonts mm | A wore atéc to perhoem tier more fasx bevels of 
mathoratns compared wath 6) w “*® aeroeet me 1S) (Soe 
topere | 1a) ) 

In |W there were oo satstantea! drffcremcces hetecer thr 
Peogectaoes of mupkc ancl formake uadherts periowmmeng af oe atene 


Onapter ' fuermertary ac Secondary Eaucator 
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NOTE NAEP 9 he etcra Anmemee cere of E@cetore Program 
See sppereds ter Soares 4 fgeeery aceon | (Oe 


Figure 1-10 
Of shsdernts st o above tevets 2 art 
3on matherne@cs ssessements by grade 
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OTE AEP 8 he Neto Aememermere of fc ater Oagrene 
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hevel 2 om usticrmatics ot ae gradic bewe! A slegith bagher 
Progetaan of makes tan fermakes dermoewtrated the more ad 
vanced performance (howe! }) om Sth amd | th grades bes aoe 
Sth grade (Sec apperein tate |. 10) 

Asm woence dtfferemces om the mathematxs ache omen 
actos racusl amd cthma grougye fave fodkosed a Cometent pat. 
tern over the vears whete amd Asean Amencan Pactfx ishamder 
smademt: gemeralh actecsc at sagmelscanth heginer bevets than 
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dy Pha. Hepa. aad Nateee American steadier Dowpete wom 
gaem boteoen 18) ceed 198. the progetto of Mack. Hm 
pane ated Natne Amorcan students eho performed at keve! 2 
ot atenc lagped far fehend that of whetes owl Assan Pacitx 
Istamhors Phere were stadt 41) poets fetecen the peroemtagy 
of whete students at level 2 amad the percentage of Mack ote 
dents atowt a “igoent lag foe Mespamecs and steast 1) poets 
tor Natewe Ameetacam (Soc agencies totic | - 10) ) 

Latget propertoms of wiete wuderts m a) theese yrades 
aete pertoemeng at o¢ atene bowels 2 and | at the ond of the 
wi -year porad of the awxoesememt than they were om 194) The 
percetitage of Mack fourth grader eho performed at lieve! > 
of abewe morcad by | ) poets Retecen |) and 1985 Hr. 
pans amd Satrne Amercan students seowed mo statrtacallh 
wagnef scant enperm cment at any grade of at am hovel of prof) 
<eme) during that pore 

Vine Retwoen 1) amd 1905. there has boon 2 etrthkeng 
ree mm the suenier of states when “) percent of more of 
cughth grade students moted at of atene bevel 2 mathematecs 
profes in 1986. of the 40 states partecepating m the 
state -™ state amaiven omby students im Aletama. | ownssna 
Viewsewsapge aed South ( arotena tasked to meet thes perfor. 
camee critenos in comparmen. m 199) omby ]} of 1S states 
pod past half of | 94) partecepateng states. could claen “0 per 
Cont of more of thew tunkemts at of atence bevel ) performance 
(‘Sec fapurc Hiowever there were large differences 
stmome fase! ard ctl grog atoms states om moctong ter 
“O percent cntenon in 198s half of more of whete coghth 
graders m all states acheewod level 2 perfoemance. cal) m 
lowe. Moetans. sad North Dakotas ded half of more of 
Hoesen, coghth grade tedents meet te Rasx bevel! of prof: 
cwmey. mm geo state ded half of more of Mack students 
pertoem at the kve 

Shade waggew flat ate cOuemene Comdtieoes pan wen 
furt on uations aches coment 2itioaagh 2 derect aad pemecr 
tel coluteoetep fas ot oem ademtefecd boar sates oo ahh 
sows than half of caghth gradkers fumctomed at of atewe level! 2m 
muatincrraatas | Vigan | camscmtua Virwwewapge auf Soegh ( a> 
joa) wots Coengared «ath thc cet tates oo ehach theo -quarters 
of mere of wtuaient acthecved? 2 the ive! ( conparreen «cre 
Seed of free bes varies peserty cate cchacotecens! c upereb. 
cure seed the peroeniage of memory eaadonts = cach me ( op 
CaO age am aeeestaon Retecen how oadcators aa! 
muathcrmatacs performace (Soe fou tate |-! 


@ in bow -perfoemong ates. the pewerty oud ranged from 
19 to 7 percent. and om hegh-performeng etates, from If 
or 14 percem 


@ Im kee -pertowmeng state. 2 ctage pet under eeetadeng of 
education ranged fromm $ } 660) on Miewsewsapge to $4 76! om 


Fe eee ot gt pra& aad. pate que «¢ w Gren tee & 
wert: oes Tho fertowwngem, 2. cemeadicted ot Gio | ergarva ss. 

ee a Se a 
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8 ee Bema Cee eet gm mee eur ferry Pere ot fe hem! @ 
queen ar || 


@ 7.95 


South ( arotena. m hegh-pertoermeng ates tk range was 
44.674 mm North Dakota to $6.0 wm Marne 


@ All tows of the bow -pertoemeng states wx haded mach Langer 
PeToeMtages of memonty students (from 40 to 49 percent) 
than ded hegh-performmng states (fram 9 to | 7 percent) 


U.S. Mathematics Proficrency in an 
international Context 


As @ secre, performace © muthomatas of |S loath 
gradke staddonts mm tac 1495 TIMSS cud) was compuratrvety het. 
ner than cugihth gradk pertowrmmmac scrageng 6) peroent of acres 
correcth amwecred compared wath “4 percent macrnatonallh 
(Soe fogwre |- 12 ) Bat anke m wecmee. |S muathernatacs per. 
fowrraamace at fomarth grace war far Neher! that of Seggapere South 
Kora Mapan amd Homg Kong «fine fourth grade duaients 
weraged 7) w 6 percers correct aed 2 how of other comm 
tres (Soe fgpare |) 3) US capt graders anewered pat wer 
hall of the @emme om th: matincmutas awcwenent cometh The 
was Pek fc teratoma! average of 6S percent correct. ana 
vendors om the heghew pertoetmemg sateen = agapor: South 
Korea Mapan tome Kong and fb lormeh-seakiny Heian 
averaged 65 percent correct of hegher In mow countnes «6 
chub thee | ened Seates here were mo dfferences fetecen 
the wowes om uathermatas pericemane of the foarth o cogith 
grade (Soc Miatincratas aad Scectice Actecvernent of thie Hiagh- 
om Porfeemmecrs coud apgqemaiien. tate |.) 4) 


Tine fagnaines ae tet mdinewmet fer Sheree. cow of bv amg aemoeny 
re 


Mathematics and Science 
Achievement of the Highest 
Pertormers 


Acheevemment can ako be evaluated by companng 
the top students nm different natoms (ten the com 
Parson m based on the proportion of cach nahon + stu 
dents wcommg om the top | 0 percent of the international 
dearnbunon As would be cupected on the bass of find- 
ong: aiready pereented propertonatch mor shudents 
from Sengapore South Korea. amd lapan came out on 
top mm both subpects amd at hoth the fourth and cxgith 
grade bevets For cuampic. at the coghth grade level 46 
peroemt of te students from Singapore sored m the 
top 10 percent of the meernstons! mathematecs drstr 
butron and }) percent scored af the top of the sconce 
distribetion. A smaller percentage of US 
students cumde the top cot in scoemee. |) percent of 
cxghth grad studens and |6 percent of fourth grade 
shadents scored in the top | 0 peroent of the respectrve 
umecrnational detrbutoms in mathematc on ‘ per 
com of US smadents om csghth grade and 9 percent of 
student: m fourth grade reached the top |0 percent m- 
ternational benchmart (Sec appemda table |-1 5) 


Papure |. 1! 
NAEP grade 6 swerage scate scores » mathematics by state 
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in mont Countries. curnculs lacus om 2 lemeted sumiver of 
topecs at cach grade bach tape mo mtrecieced m the grade 
ogucrc: and Comte. unt a port wien ot on dmcontiecd 
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theory. pros cheng greeter depth clahorstron. and compicsity 
a cach appearance Three central abcos erderio: the | 5 ap 
preach Pers. content m more cawh mastered when broken 
mt. “tete-sazed pecoes Sccond the pecce ate few bcarned 
when presented mm oeder of difficulty and Commpherty Therd 
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touted Coners fetwoen $) arcd ©” topes. dhcpecnading on grade 
evel in Japan. the range = 8 to 1” topes bn Cocrmany, where 
data were a alate only foe crgith grade. the avcrage = nine 
tegen . i cK t ogpure . 

The tomer) toward mochusrec Coctage means that most 
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instructional Practice and Quality 


Teathowks and curmculu:n guides are pot the only crit 
cal factors on curnculum and instruction Equally critical 
from the perepective of oducatonal rcformers are instruc: 
Donal Camsderatvams seach as the amount of timc students 
spond cngaged «ith subject maticr the bonds of Lasks usod 
to factiitate thes problem-solving and themking capacitics 
and the tochnolagscal tools availatic to support active tu- 
dent icarning 

Unffcrences on Mtudent performance outoomes arc deter: 
mined at beast to same deogroe. by differences on unstructianal 
practice and enstruchonal quality Sconce mmstructan i the 
| meted States may be roughly Comparatie to scromoe mmstiruc- 
bon on other countnes Hut, as revealed mm the rocent umtcrna- 
Donal Compansen. cyghth grade mathematics classes un the 
| nited States are priched at a bower bevel than om higher achecs - 
ng Countries While lS coghth graders are still working on 
tugh-cnd anthmetx thee neon on other counties arc learn- 
ing algetwa and goormctry 

The onternatbonal Compansan alo revcalod differences in 
goals, act mes. and overall lewan quality on the | nated Mates 
(sormamy. and Japan The goal of mathematics lowsans in the 
| ovted States and Gorman «as mos offen to have students 
carn a partacular shall whele the goal in Japanese classrooms 
was more often to help students devchap deep undemtandings 
of cnathomatecs (aoe NOES 199°C) These differences m gaais 
transtated unto differences on other aspects of umstructian hor 
cxamplic 7! percent of Japanese teachers provide learning 
atric. that require high-level thinking and reasoning In 
Compansen. anh 29 percent of Corman teachers and 24 per- 
com of LS. twachers ongaged students m the kind of learn- 
ume (NCES 197%) 

On the hase of a vadeotaped sample of crghth grade math. 
omatecs Clasereoms on the throes Countnes pudges rated most 
lossoms from tS classrooms to he of how quality (87 per 
com), compared with 40 percent of lewwens fram Gorman 
classrooms and past |) percent of Japances lessom Thos 
judgments were madc independenth of detanbod sammanecs 
that documented the cxact soguence of mathematical statc- 
ments and oquatbons proesonted and the lcarnang actn tics used 
Am words that provided clucs to the sdontity of the country 
were dixgumod 

None of the lessons from (So mathematecs classrooms 
were rated high on quality. compared with 40 percent of 
lessons from Japanese classrooms and 2) percent from 
(rerman classrooms Moercver, most of the cxpert pudges 
viewed lessens om Japancec classrooms as more comes: 
tent with | Ss mathematics standards than lessons om lS 
classrooms However. 7S percent of the LS teachers of 
those same lessons judged ther own metructsen to be im 
“some accord” with the standards 


Time on Learning 


\wade from the msuc of instructional quatrty. there has heen 
~ome ompencal eadence to support the commoan-somec no- 
bon that the mere time students spend cngaged in icarning. 


Chapter | ieenertary and Secomaary EGucaton 


the more they will learn This 1 the primary reason «tr tome 
» comedered an umpertant instructional vanable ft can- 
wdered «© cruceal. om fact. that many oducators beheve sys 
tonin Change cannot he successful in schaols unless ways arc 
townd to pron ide students «ith marc loarming teme ( Natoma! 
tducaton Commmwean on Teme and Learning 1994) Still. 
quesbons romain about pust how much unfluen c umtruchonal 
tume has on achicvoment 

Through the recent international comparatrc study. it has 
hooome clear that. at the very beast. the relabonshap is not as 
wumpic as has heen assumed In tact. no comustent relatan- 
stup was observed between class tume and achievement in 
eather subject at crther fourth or coghth grade This funding 
suggests that how tcachers and students spend them instruc - 
tonal time © morc important than the amount of tume ay ail- 
abic for mathematics and scrence instruction dunmng the 
“hoo! day hor cxample. cighth grade students in Belgeum. 
the ( zoch Republic, and the Slovak Republic all hagh-per- 
forming nabans roported spending more turnc than the ay 
ctage on mathematics But so too did students in Kuwait. 
who were among the lowest worcrs South Korean and Japa- 
nese cyg’th graders reported spending the international ay 
ctage amount of class tome on mathematics but were among 
the highest achievers 

LS students spend at least as much class tome on math- 
ematics and wrcnce as students in most ccantnes Al cughth 
grade. over half of US. tudents spend } > to 5 classroom 
hours an mathematics cach week compared with an micmna- 
onal norm of } to}. hours (Beaton, Mulls ct al 1996, and 
Heaton. Marten ct al 1996) * Almost half of fourth grade 
LS audents spend five of mare hours of snetructonal tumnc 
cach week on mathematics and three hours of more an s«- 
ence In most other countnes fourth grader spend about three 
to four hours an mathematics and two hours an scence (soc 
Martin ct al 1997 and Mullis ct al 1997)” 

Although learning tome can be extended through home: 
work and stud) before of after the school day. no Comsstont 
relasomstup has heen found between internatonal achieve 
meat and the amount of trme students reparted spending on 
homework In same tigh-aches ung countnes such as Hun- 
more time than the parm on homework However, students i 
hom -actec ing Countnes such as Iran and Kuwart also reported 
comuderabic time on homework in Denmart. Scotiand and 
the Netheriands «tech are middic- to high-achies ing coun- 
ines one-quarter to one-half of the students reported spend- 
ong fo tome at all on homework on a normal day © 

Students on most Countnes reported spending an hour of 
nome hoo! tyme on mathematics on a normal day and a half. 
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mratam Whon asked ated the use of Commpetor: om cath 
cmatks tnatom throc-qguartion of |S toacher at the coghath 
grade jovel ropettod (uw! waders never ot hard) over waive 
mathommatas peottorm wang a comnpadcr Saat porocrt of |S 
forth grade toacher roptted that students acover on hardly over 
me the QOeptens om sch ing euthomatas protdarm * However 
wathormatas toa hors fopettod frogucnt eeetiru tase we of. al 
whators Viowe Guan hall of caghth grade mathomatas toachers 
thx | erted Mates ropewted (ast tuadorts om thow laws use ca) 
whatows for Nwex Uke wach a chockeng aneworn and portarm 
™~ cow CoOnpetabom Miore than half abe ropwted ha ung 
thow students uw Vahwlatar to salve Comnphe protterm and 
more than one-therd to cxpharte munnier Comoopets (Villans ct al 
~) (Soo appomdn tlle |S) | 
\onoms the workd Commpation atc used guate rarch for math 
cmatas and wecmcc @trachan facet om Denmark. bngland 
ond Waites and Show oma bow than one-fifth of cagith grade stu 
dorts used .cenpwtion far prottom «ving m woo And ce 
opt m the | ented Mates Austra Donmart. bngland and Wales 
am! Swodien low than ome-thed of fourth grade tudents uscd 
oStipedets at loawt same of the tome aocordeng to teachers = re 
wert «Se cers tale t 
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Lumsted avaslatubty of Computer at «heol can be offsct 
hy access to COmMpwiern at homme coon though hum Conmpul 
ors are often used for other than academax purposes During 
the 198495 achoo!l your. show hell of | S students had a 
computer at hamec Students om | ngland and Wales. bocland 
incland the Netherlands and Scotland were mow lekch to 
om) Computon (ahowt ~S percent) students on ( oloriea, Iran 
| atvea. Romana. and Thasland were boast bekch (lew than 20 
percent) (Soc tent tate |.) ) 

The sean of tamernom + lasetaam held hy mam oduce 
bemal reformen aot onh mchudes access to Computers hy 
“tudents and teachers bul alwo wedeepread access to the 
imermct Although most | S «theols arc guste far fromm thes 
vewan. Interact access on whos has ox teascd sultantially 
um the last several years A rocemt survey undscated that m fall 

996. 65 percent of pulblx «hoaols roported accoes to the 
imernct a gam of 4) percentage poents ower 1994 figures 
imernct access was marc lkch om scoundarn than in clomen 
tary schouds (three-quarters versus under tao-therds) in marc 
afflucnt than lew affluent whaols (7S percent veruus $) to $8 
peroemt) and on schouwds with how to manderatc menority cn 
rofiments as compared «ith «tls with hagh menarity cn- 
roliments (65 to 7) percent voreus “6 percent) (Soe anpendn 
table 1-25 ) As woth commpaters. access to the Internet dacs 
mt sheevs tramsiate wto uw 0 etedents and toachers. sor 
docs tt cnsure cflectrnc use Although close to two-thirds of 
LS scheoks could Commect to the Internet. access was fos 
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wit fram only | 4 percent of meetructbonal racemic g . «haw 
room. computer lath ltwary mods comers) aocording to 
recom surveys (NCES 19974) (Soc figure |.) 7 


Teachers and 
the Profession of Teaching 


The Natonal ( ounce of loachern of Mathomatacs tan 
dards and the Nateomal Rescarch ( cata!) s wecme Mandards 
STCSOM! new \ reams of what shoud he Laugh as wcll as whon 
at fom ot steauhd fee Laugit Siamdards om foth subyorts «al! 
tot teachers to smtradece and develop tapecs that. m the past 
were reserved for later grades and to ofchestraic instruction 
© ways that arc mot Commer) ctworvod mm towksy » claws 
\i present. few teachers powscss hath the knoe lodge of teach 
img and lcarnmeng and the know lodge of Canton! nocewsary to 
meoct these cupectaiiom for the cfloctne toacheng of math 
omatas and «scm xc 


Teacher Preparation and Studem 
Actevement 


(ate! rocenmth attempts to lnk student actecvcment to 
toaher guallicabom focused an degrees carned and map 
« menor ficids of study These attempts have not boon 
sheapether sacoowtul. few. if amy comestons cflocts were found 
Theos was 2 somestle roecarch strategy af the tome boceue 
tcacher corifxatan roguarements were specified m thow 
terms Hut more Canmtemgpracary findings sugges that addetcmna! 
vowreework om qprectik atcas may oot anh morcas teachers 
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imum be dpe of suport maticr hut may she capand the range 
of toac*ang amd loarneng approaches 2 tcacher ms hikechy to usc 
mthe ewe and cipand student atecvomen 

Rocom studecs arc useng more refined ways to measurc 
teacher qualilicatiom amd as a rowlt have cxtatleshed that 
the nuetiker and bond of Cowes Uakon  mathomatacs and 
“rence teacher do influence student performance Higher 
“thom tow’ scores have boon related to teacher eho have 
had mare advanced Courses om mathomata,s and «sconce and 
wn other cducabonsl arcas Takeng additonal Courncwork im 
unrctated sulyacts had mo or SorCtmes CVOn 2 nogatne 
effect on student lcarneng ( Monk | 994) 

In addrteon students «tome toacher havc Compictod marc 
vown~e Credits on thee fockd (and those «ith hagher grade pount 
avetages) achecve at hagher lewels than other students In a 
tad) comducted ty ( hamcy (1995). tcachers who had taken 
vownees on mathomatns at alone cakoulus bewe! Coupled with 
vou om mathomatxs cducatean ecre fownd to have otu- 
dents who low froguenth sored om the kower acheevement 
groupeng and marc often demonstrated advanced loch ©: 
performance (See append table |.26) In addon thew 
hotter prepared teacher wore mare bkch to cupow ther howe’ 
iovel mathomatxns students to college preparatory satyects 
wach as algebra mm regular mathormatecs clawes (( hancy | 99S) 

Stull other studies crameneng the knoe lodge base and 
proparation of teacher havc adontfied emportant differences 
moometructean Soveral of those etude showed that when com 
cTing tapecs on wtech they were well-prepared teachers more 
often cncownaged student gucsbom and dex wesan spent bow 
tome on unrelated tapacs pormeticd dmcusean to move im 
new deroctams on the hase of student interests. and gener 
ally presented the topecs on a more coberem. orgamsed fash 
ran When coscrng untamelar tapas teachers dr ouraged 
ATV Pattcupaban Py students bop dr uesscn under tight 
rom rehbed morc on peesontatoam than on student drcourc 
and spent more tome om Langemtial neucs wach as etudy shill 
and coaperaine cffort ise. cg. Carton 1991. and Senath 
amd Neale 199!) 


Coursework Preparation 


An morcawng number of states arc roguereng that teachers 
have a college mapee ot a mmenemum numer of crodsts om the 
sutyects they plan to teach Twenty -qmmec states now rogure 
# least at the maddic and tngh «thaw! level that teachers 
have a degree om a peril sutpext atca other than oducatran 
Nume of these states also roguere the of chomentan «hao! 
teachers (CC SSC) 1998) (Soc angen: tattle | 20) 

As of the 1991594 aol! voar | percent of clementary 
«howl teachen posecsecd a matheomates degree > peroent 
had a wesence degree. and only S of 6 percent more had crther 
maxwod ot menoted in mathomatas of wr ace cbucatean m 
college The vast mapanty of clomentary whoaol teachers carn 
calliege dogroes m education rather than nm spoci! x desc apenes 
ot dewceplenary arcas of cducatan High «haol teachers were 
much more lich to powsces matheomatas and arc dc 
groes Of tagh «thom mathomatas teacher 4! percent had 


ae 


catned a deogtes 19 mathomata s compared 6 ith past © percent 
of meddle whaol teacher In «sence. 6) percent of bagh 
«howl amd |” percent of maddhe whaal ssomoe teachers por 
~ewwod «amc farm of wach degrees ‘Soe tout tale | -4 ) 

The protesseomal aexausteam havc made saith Toon 
momdateam fot the proparahan of mathomata,s and ~ som< 
icahers (Soc Are loachor Koos lodgesittc \towt the Stan 
dards " ) Tine WO TM standards roooemmond that menddic sth! 
nathomatas teacher take college Cowrecs om attract alge 
ha poommetry cakwles profubelty and statetacs. and appl 
sem of mathematics protiem solving An cven more 
detasied bet of Commcworh 6 rooommmended far hagh hao! 
mathoretas teachers (Vor. VMiath and Senath | 994) 

Vian maddie «how! mathomatas teachers fall shart of 
thew fOvamemecndsham Onbh ~ poroent of maddie «hal 
mathomatas teachers have takon Cowtecs om all of the arcas 
PQ cenmomdod hy the swardards and stat ome-therd hun c takon 
mum Hogh «tee! toachers are penetally heticr peopared 
\hoat onetherd have completed cowmecs om at loast 9 of 10 
hvcmmended arcas. and onh > poroont have completed just 
oe Cow of mame of the rooummmended Coumewort Vite 

all Chemeentan «heel tceacherm havc Completed wane 
coat on muthomatas cha slo of mathomates for clhomen- 
tar. toachorm 42 poroom have cornpicted codloge aigetwa Ingo 
« clomentary functham. but anh |) poront have 
omnmeted Caloubes ( Wena Matn and Senath 1994) 

The Nateomal Soeomce leachors Asscustean rooomm,;eands 
that chomentary «hael teacher have ome cour cach om the 
hmohgaal ptwwecal and carth wscmoes as wcll as Coumcwort 
m «vom: odacaton Just show half of clomeatary teachers 
hunc satestrod the roguaomon Middle «hand scxomce teach- 
are om owraged to take at least Teo Couns mm cach area as 
as teacher trasmeng om thee fickd | Wen Math ated Semeth 
4) Ciel 4) percent of maddic «whoaol «uence teachers 
erades § to &) and 7 percent of pamor bagh school igrades ~ 

Vv) wom teachers mect the Aweecestean + rocommmendas 
eon full Rooormmended cours for the prowpectivc hagh 
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ss teal teacher arc quate detasiod on cach of the three areas of 
~iacmee. and there sa comaderaihe range the summer of 
teacher moctuing thos rovammendabam | ow than half of 
catth wren teacher. compared «th 4) percent of beobagy 
teacher had taken .00 ot more Crodsts on thew rewpentine sub 
soct arcas (Were, Matn. and South 1904) 


Teachers Views of Teactwng and Learning 
Hom toachers po ataut thee eoek om clawweem di pomds to 
wane CUlCRt on thee veces aout the nature of thew acadcmax 
dw aplines and show! toacteng and loarnang om thee fickds Re 
scarch om the law 10 yours supports the clas (Deyer 19a 
atal |}9%b) Teacher who we sscmce as 2 tata codlectan of 
tacts tond toward etna thomal apgwoactes that teh) om Noacher 
talk and derocthon and on aden! practac and momonzziom 
Teachers who sc wactac as 2 praoos of cmpencal dru cry 
ane more Comburtaiic «th hands-on boarneng and ogron-crdod 
tasks (( arieen 1991. and Seth and Neale 191) Cithors have 
made wermlar otwcrvetoms show the veces and practaces of 
mathomatcs teachers (Doxey 199) and Thomgpacn 1492) 
The majority of teachers have fash) practecal veces of 
mathematics amd «seme ( low to 80 percent of teachers m 
thoth subyects soc thew fickds as pros edeng “formal ways of 
representing the real world” and close to 4) percent a» 
2 “wtructured gunde for addrewung roal stushom ~ Only 3! 
percent of matheomatacs teachers and | § percent of wremce 
teachers \oce thee subpect as an abetract Comooptual system 
\ queniter of teachers have veces that ran counter to the 
genetal deroctaams st fh standards Close to 8 percent of 
matkematns teachers hehe ¢ that wmme students havc a nate 
ral talent for mathernatas whole others do not and §S peroom 
thenk that muathematecs showkd be learned as a xt of algo- 
rithers of rules in wocme teachers sammctemes bod samelar 
veces Almost teo-thands of «semoe teachers heheve that sme 
wnadents havc a natural talon for wscmce and others do not 
Nts three quarters Hele that tadents vhowkd fe green 
Pres npenc amd wogucntia!l deroctacms for dong Cupcrmoents 
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Are Teachers Knowledgeable About the Standards? 


ina |W survey of towciors. §5 percent of cogith greuck 
meats toachers fepeetted oem Tey 6 Very fe 
ar owe ec ( wre ele are / ile Vigor: bo 

{ the Nateowal ( cag of Toachers of 
Viathoma’ss Approuematch o6 pcroom of cagith grade ~ » 
cmos teachers repetted heemg Wer) 6c Tae) lamer wee 
ft. Ameren Aww 
mam for the Advancement of “seme [he sumiers aughe 
ac hoon hegiker |! toate: fad hoon asiod atwes sama 
wittewed hy the Nateom! Scocmce loachor Awexssteon. at 
“gatasaion & etach oan wecmoe teachers hebong (Will 
Homes cr of showid he noted Gast mevtiacr of 
how «ts of sect Mamdards roalirod te sae levels of 
whet) ae acpiatec ™! er wacte toe Cotte 
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owt) a eas true of the custiecwmatas eharddards wethen the 
Teatcriaat a. + toa feng . Utrera 

There ate ondecateams that | S teachers belecwe Gacy arc 
MCT wT expKts of larddards Saeco metra ton 
\ 19) earwey asked tachers t© eeport om the kend of re. 
harm a tivitacs they arc umpbomontamg wm thew « lassoorm 
The sovem- tom let of acter mcs omchadod assesteng students 
rca th hegh suardards useng curTk uluen maternal aligned 
adh starmdards amd useng sutheomtx ascents (Soc fig. 
ure |- 18 ) bacope for aseng authontx aesoumments and trie 
OTT SIRO ko Maggot emetractiom om the maaparty of 
van. (nathomatas and «scmoe teachers aft all theese level 
i ~thoantemg feheved they were enplementing cach of the 
actrvvtecs enchaded m the sarwey (NCES 19970) 


Percentage of scsence and mathemenhcs teachers enptementing reform actrwihes m thes ciesses 1986 
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Teeche perceptons of student saais required tor 
wl C088 © Methemetcs and scserce 1906-65 
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Poure ' 19 
Teacher bewets about the nature and teactwrg of 
mathenetcs and scxence 1904-95 
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Soarce 4 fogewere eoceton ‘oe 


ondary secre token © Nowads and locos pred @ 
Sac @ Codigge Koengaated «th 8) oe core perc om & |) states 
(Hkank and Coucte! 1095, 

There ate she oguety maaan eroded wath ont-ad-fickd teach 
m™m “fact = more peevaient mm tegh-pemcrty) «tak @ koe 
atecveng «lawecs. amd om how track clasecs (Chane, 199% 
(aorta 18) aed Chak Camera and Page 1992) bor ox 
ange ome Cuan cee guatter of addons carudied! mm ev vender 
«teu CTA (dae om eth wtaadiomts were padded b> he koe 
ate mg fad 2 tcacher ethos 2 ice 2 mer mm acct oF 
sack O@acateon Compared wath foecr Gn | =m | 0 adorns @ 
hagh-actecs wag clawecs They -s05 peroom of students om clases 
oth hagh mance) corodiemonts had a moacrmata s toa tect @ ath 
<0 2 Teen Of cate om crastfacrragtas oe mustiacrratas cha sta, 
vormpawed eth 2) percent of students an howe marnorsty chases In 
mabtae ualert) ate) sttcrad «tee om hagh-gescrty) aca ac 
Tae D racee isch) & awe mastincrtas aad woctace teachers «ah 
4 ocala manor © Crow fick than tuadorts aticrading « treds 
= ke -qeerty atom (Soc fgets |-2! ) ie cffect, eaadonts when 
mood ac meow supgert are ke ft woth the toate: boat qualeficd & 
netp thor ( Darteng-Hanwmord 1 984a Clk 10) ad Wor 
Viet acud Sereth | O04, 


Reform of the Teactung Profession 


Many cfforts mm the law decade to beumg show sytem 
Mandards-tased changes = «whools have focwsed oo the 
Proftewseomalizatron of teacheng The haga umidertvung thes 
apt hs the upgradeng the prodewssom well ecrcae toa h 
oT! \otaemetrnent and motrnaeteon The esl! om turn reel @ on 
scheved om heticr teacteng «uth the femal outcome brung 
mpc’ stwhert icarmemg \ caret) of progeonahs have hoe 
Aered he GEN eg he ates ard Peotcwscownal . rouiertiaieng 
‘teachers The moet amietoas: of thee Progemals wok 
Mampes om Meme loachers arc prepared boomed and supported 
roughowt thew career ise foe cuampbe ( armogec borwnm 
on | ducateon and the fF comoem | 984. gad Ngteomnal ( conmmes 
wonom Toacheng aad Aracrca's | uture 1988) 

The Natrona! (ommenesson om Teacheng and Amenca + 
future for crampke rocomememds 


©  eparcring toa het cha atoor and profewwonal do chogences 
ftogtan around the standards 


© dcr chogrng cutemded graduate bevel teacheng programs that 
offe: veer jong omtermsviaps mela to those offered in the 
macvin 2) profexseam to pros ade Chowchy sugrers red practacc 
that re teed to Commewort and 


@ .rcatemg static hegh quailty profess! do chopenent uct 
ses bo eaRort teachers 


’ florts arc umder way to bring stot cach of thes changes 
Somme of thewc metastrves Rave focwsed pewmarhy of tea ter 
peeparateon The Holmes (romp ehech ess formed by cof 
hope deam of chu ston progoned that prownmectc teachers 
he roquered to devote fowr vearn of undergraduate tad) 
anadema Comtent im ther (fhowen majo and that professors! 
Preparstzon om teacheng he postponed to a fifth of wuth veer 


© 1.37 


Figure 1-2! 
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(Hodemes Ceronap 1986) Vea hong omtctate reo vos mda 
team peered amd professes! dovchopemcm «fess arc al! 
Varatooms om thes tan adca sumed at peo adeng prongectrsc 
tom tiers = th teoth fetter aadeoma pecparstecn and moe «Lass 
rm cipetemod fefore lacctmang 

(miner cfforts have foacuwed om devehogenent of standards wo 
gunk the peofeweom The Natoma! Hoard for Professscmal 
Tea themg Mtamdards han dv choged ctamdiardh foe a Coenpiawaed 
teacheng created performance Naw! Cortfacator cua to 
adorn) a comnpirined tea hon ad cwtatieied 2 proto aces! 
heard © vere apereton of the enter (NBPTS 1991) The 
innersaztc New Toaticr \ewcwwmert amd Sagert ( ceortearn 
(INTASC ) etech eas formed ty 2 comortuen of state dace 
thom agetacacs heghey cducataon antec anad natecea! che 
vahors! otgamezatoom has feweed om tie other ond of the 
cotta me toachers INTAS has hoger to develop staan 
dards and pertoemancc Naw avcewnent: uwtul for padguny 
VOSTIgwton! ontry level tea tame and foe guading the prode sacra! 
Gevetogences of cart) career teachers (INTASC 1991) 

Hoth wets of teachers standards are Coempatitc & th cach 
other ated both arc derecth lemked to the nateoms! stamdarchs 
for student performance m qpocrfx comtent arcas The stan. 
Gards tor mew teachers developed fy INTASC hawe booe 
adopted o« adapted for ue by | 4 states amd are omg eed 
vera! addeteoma! states as 2 tar for cv shustemg ther sys 
terms: for locrsang (INTASC 1904) 


Pata cflorts abe have hoon instasted to mnfusc standards. 
hescd Com opto of teacher proparstean ante hegicr ohare 
tem amd teacher trameng amivtuteam Mar oducators vace 
the Process of program acctrodmtateon as the mont effective 
hover foe Drengeng atrout deovared chamgpes Dc Nateonal ( cea! 
tow the Accredtaton of Teacher | ducateon. whech has accred- 
ned toachet cha atom program for mam yours m Coupee 
thom woth state apemcecs, has taken step m thes derecton 
Roventh « he exotperated performance standards devel. 
uged h the aforementoned INTASC om the program appro al 
peewee: | Darteng-Hamemord | 4a) 


Ihe central quewtean motnateng the chapter m etacther 
the A. )) exhecateoe eyeterm m the lL meted Sagtes os chong 2 
gud pom of prow adage students wath 2 soled fowmdston m 
vaatibomatas ara «scmoc om otdict to prepare them for work of 
omteneeng addy of serps to he lterate momiters of sax ecty 

The anewer dopemds on the perepexteve taken Prom thc 
mT~reAtn ce of Curmvlemn ashens! and crow-astonsl stad- 
<< poe somes hat different amvects Natrona! trond stadees 
wage that |S «tds ate doung 2 better pob of addrewsung 
homey tarateng cmoguetacs om the mathormatecs aad cece peepe- 
cateoe pen who to student: on different demographa group 
( compared woth the late 197: and carty 198k. hagher pro- 
pewteom of make and fomake students aoe Complete the core 
colhogs Proparster) Comme mo muthermates and wecmce. and 
mnowe Mack and Hepa stadents do «o 2s well On the other 
hel as rooomth) as 1994. 2 cageeficantly larger fraction of 
ates Thar Mack and Higa students Completed adv amcod 
ous @ mathometacs and «scmce. and more male than fc. 
make tedents Compbcted plywcs Therefore there arc strll 
~attantial omoqguatecs to he overcome 

inteTmatonal Compara saggew that | S curnculs are 
teckone @ depth and faows The comtent of the scecmece cur- 
rx whern ms eothen the mternstaans! sor for grades 4 8. and 
> Het relate to weence curncubemn documents and teut- 
hes o@ other Commtrnes |S aciends prownde toe ach rop- 
ctitpom Seo Gaaeny Sopecs to he boarmed amd tow betthe Conerage 
om cote “aeRO? kapecs 

These lemetatroms are cven more characterntx of the 
mathomatas carnmculum There ate ondecateom: as eel! that 
at boat the caghth grade mathomatas curnculum m peiched 
at a ewer level than mm other coumtnes (S curncubam guades 
amd tovthoek.s omphaese tapas related to whole sumiers 
and fractoms eheke m mow other countres cudents arc 
vtualy emg more tapas om gourmets and sigetea ( ronson! 
ober) shoms of what takes place om cxghth grade mathemat. 
a» Chewerooens comfirm thew foadengs Lowen goals and the 
AT ete pron ded to suppert those goals reflect quite bum. 
ted Cagmine cupectahom More often than not the goal rm 
tow students to hoare qpecefic shells rather than develop a deep 
ruber tari of matincmatx > 

Froen the perepective of achecvement. nateons! aad crows. 
nates!) studecs agarn peent to wmewtt different com be 


wom. followeng declemes m the 1970s. the performance of 
US students euprowed mm tas shell atcas Nene and | }- 
voar olds arc wommg hegher om mathomatas amd « scta as 
sesements than they ded im 197). while | -woar-olds 
performance m 104) was shout the same as om 197) Although 
Progress has mot hoon sutstantes! wo the | LS stedomts 
tune how mo growmd Achecvement sho angered fromm | 9W) 
') 190 on muthomatn s aacewments poured to mates! math 
omits standards And analyses of the performance of gurhs 
amd bons un the |W show flow meaningful differences 

Haut stuadents of different demaagrapha hack grounds are moe 
achecv mg af the same levels Assan Amencam and Pacifx 
isiamubers amd whetc tudonts outperformed back Hepa 
rext foe the denarviecs om the Comes students hunc taken Stan 
dards referenced «cA acewnents intradwood m |W arc 
tow different from carlect tests to permet Comparncam «ith 
cathet voars Hut the same pattern of cthax differences sa» 
otsetved m wxcte as mm mathomatas 

bumdangs from the mow rocem! mtcrnathomal studecs of 
acheevermment arc muved depending of webpect matter and 
grade Better performance eas demunurated fy LS fourth 
grad than copith grad students wher compared « ath other 
coumtnes They sored above the mticrnatonal average m 
mathematx,s ant well atenc the mtcrnatonal average mK) 
omoe bE aghth grade students performed shove the mtcrnatsons! 
ay ctage m sects but eet! hehow the mecrnateonal nctage m 
mathematans Hecau of differences m the ways cariect 
ternational Comparnom were combacted ot rs difficult to tefl 
of US stucdents are performeng comparstinel better of wore 
than they dad m prev cous voars Although the retatnc stand 
omg of LS fourth grade students m scocnce has gore ap com- 
pared wath cartect tudes ¢ Cammet be wand defemetnvech that 
thes ropeesents a real change m stamdeng 

Returneng to the oorgemal question what do thes find. 
ings saggest aboot the progress and quality of 1 S ocduce- 
thon” Foret. they shove that the mathemetcs and scocece 
od stron of students 6 amperes ing wornce hat im terms of og 
witty and excellence «=the dual goal of educatonal reform 
Second there = mach coon for enprowemnemt. and we are 
soll far from roacheng ow nateonal goal of feung feret om the 
world wm mathematas and «seme Therd students are ox 
vet performung at the bevcts of Cupertaton recommended by 
the mathemates and «scence standards fourth the curnculs 
could better defime and focws om core comtent mm mathemat. 
ns amd scoemee as rocommmended Py the standards And fifth. 
teachers Could better heip students develop a pemuene uradet 
tandeng of mathematas and «sence ty cngagmng them © 
axtrve tasks that challenge thew mectiectual capatebtees Cn 
the whole although progress has been made oar «howls 
and school devtncts will have to do much more if students 
are to be well-prepared for 2 futerc that demands that we. as 
a matron fave a citizenry soled grounded m mathemetxs 
amd «rete 
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Highlights 


Wormowwe Increase ~ SAE 
Eoucanona Carasarres 


@ From the med 1980s to the mud 1990s, the cumber of 
frst emrverwty degrees mm higher education in wieance 
and cagimecering (SALE) increased rapidh im (ua and 
t erope. and slow iy te North America. [during th pe 
rexk fort ameveret, degrees m SAE grew af an avcrage 
annua! tate of 48 peroemt among 16 European countnes 
a4 | percent among © Awan countres. and at | | percent 
armomg “orth Amencan . countries 


@ The merease ie SAP ch gree production im (ua ns driven 
th cipanding acces: te begher education fer large or 
growing populations (chomping Counties wah & In 
ee and ( heme have Lange popubateom im thee college-age 
cuhorts amd smc rOaseng Parta qiatsan rates om Postsccomdary 
education The mercasc wm WAE degree production m bu- 
rope © drrven hy cx pandeng access to hegiter education m 
the Lae of a dechmeng tude population 


@ \ Degher percentage of the college-age population in 
velected \stan cowntrics than in Eerepe or North 
\merk 2 carts eniverwts Gegrees im the natural cieaces 
and cagimecring (NSAB) (> japan Sengapore South Ko 
rea. amd Tarwan. betecen 6 and * percent of )4-vear-clds 
carn NSAE degrees. compared to beteocen 4 and S per 
cont of 24 wear-okds ao) Western  uroge and North Amernxa 


@ tn tL erepe. \ota. and North \merica. women have been 
pertwelart) seccewfel ie corning degrees in the sate- 
ral and sectal wieeces 6) women carned chose & 
wal! of the natural «rem degrees om hegher education mm 
‘etuthoms om several Countries. omchadeng the | nated King 
dom ttaly the | onted Mates. and Sowth Korca Women m 
the three rogrom hawe shee carned the muapority of fore 
severuty degrees mm the wana!) «ecm. Dut are Comsat 


aM) bow inkl) to carn degrees im cngmecring 


Crmanactemsrncs of U.S. 
Hhasxer Eoucanon bestrrunors 


@ The | mitted States bas 2 large aed divervified set of in. 
stitutes of hegher education that provides a college 
or wanerty education to wer eme-third of the |S 
college-age population |. owntry) hes ome of fhe mow 
oper oducatron sy ster om the word (her cowntrees are 
ah Drodeneng cox ateonsl sooo and cipandimng thew 
graduate programs partacularhy m SALE facts 


@ \fter weversl decades of comtines! and raped cipseven 
of higher education im the | nited Mates coreliment 
fell for the firwt time in 199): it has continerd te de- 
clime cack vear sénce. [he decime © partall) bese o@ 
demographes the |S College age population dex lined 
from 2) qufhon m 198 w 17 eulhon m= 1995 The de- 
chime on the College age population «as offset for ower a 


decade by expanded access to hegher education for ai! sub 
pupulahoms. partacularty women and menorities. and cn 
roliment by larger sumbers of older ctudents By 19V) 
however. oscrall cnroliment began to dev line 


Unoercraouatte S&E Stucents ano Decrees » Te 
Uneven Staves 


@ Ihe tread of mcreavng caroliment of underrepresented 
minerity tudeats in enderygr aduate programs has per. 
visted fer over a decade and accelerated in the 1990s. 
Black enroliment mcreased 5 6 percent annually m the 
190s. reacheng | } mullon m 1995 Hupanx cnroliment 
om hogher cdiacateon mcrecascd at an even faster rate during 
thes pera (7 | percent annually} 


@ in 1995, at the community college level, ever half (574 
percent) of the carefimest iz mathematics classes eas 
for remedial bevel courses. in (9!) remedial! Courses © 
communrty colleges accounted for shout a therd of all 
mathomate. Cours 


@ Ihe percentage of freshmen im four-vear iavtitutions 
reporting 2 aced for remedial work im mathematics aad 
scwrace has remained high. particulart for «= ace and 
minorities. in |) 99S of those freshmen planning to mayor 
i Kichee OF CHgncenng. over 16 percent of the males 
and over 26 percent of the females thought they would 
need remedsa! work im mathematics Among frestman stu- 
dents fromm underrepresented munonty group planning to 
Taper IN SCARCE OF cHgiNeenng. over M4 percent reported 
that they would need remedsal wort in math 


@ The eumber of carned bachetor s degrees in SAE from 
US teetitetions has been increasing for over a decade. 
bet trends differ ty fietd. [he curmber of natural momae 
degrees moreased © © percent annually from [90 we 1995. 
eth Mtromper than avcrage growth m the Deokogecal and cn- 
vrommental scsences. but onfy modest () percent) grow th 
m the pi wecal acecmoes Attraction to the computer scacnoes 
dropped precaprtoust from | 986 t | 99! folkowed Dy sight 
decroaes to 1995 The sumber of sacel quence degrees 
searded after rocord growth hetwoer | 986 and | 99) ( aver: 
aging © percent annually) has romamed statte few the last 


tow vears EP ngumcenng degrees. ehione surmters ao peaked 
wm 1986. dechmed unt 19) and then aabelired 


@ in 1995, for the comntry as 2 whole, over 5 percent of the 
codiege agy puopetatee had compérted a bachetor + degree 
in on NSAE fiedd. Ber @ thot ame your oly shout ) per 
cent of Mack and Hepane vouth carned a bachebors degree 
man NSAE fiekd Assan Amencam. representing only 4 per- 
com of the LS populsnon heave commderstty Ingher an 
aveTage parhcapanhon cates over |) percent carned an NSAF 
degree Low partoupathon rays for blacks and Hespanscs 
changed bettie throughout the | OXON although they engroved 
srnewhat om the |S 


Scaance 46 ingeweery ocaton 8 (OR 


Graouart S&E Stuvewrs 
ano Deacnees w Tet Unereo Stares 


@ ft eroliment in US. graduate SAL programs grew for 
almost 20 years. reached a peak of simeost 440,000 wu- 
Gents in 199). aad then began to shriak. | he docile 
cnroliment has averaged | percent annually hewer students 
onrolling on cnaguneenng. mathomatas and the computer 


~oomocms aooouwn for mest of thes doclenec 


@ Vihile women continued « decade-long tread of in- 
creased coroliment in graduate SAE programs in 1993. 
caroliment figures for |S white mates began a dow n- 
ward tread. in |”. women rejroesemiod anh one -quat. 

rot MAL graduate cnrofiment. hy 1995S. they acoounted 
‘SA acrocnt of cnruliment 


@ Progress for vaderrepresented munerttics in SAL grade- 
ate careliment has been vers mode. in (YS the & 
vemnted for} percent of WP graduate crrodiment. ty 145 
he noouttiod ke * 0 poroem 


@ in 199). foreign graduate stedents reversed their de- 
cade-tong tread of increased SAL caroliment in LS. 
institutioms. Tho. docvrcascd thes cnrolimemt cach vear 
woe then From 1983 t 199). the sumber of forcagn 
graduate tudents morcased ower 6 percent annually from 

"> to 1995. thew qumvbers docrcased more than ' per 


rv’ arraal ly 


@ the sumber of SAL degrees awarded in the | nited 
States at the masters level increased throughout the 
1980s, with even stronger growth in the 199@s_ | hc rc 
Lent growth = mail accounted for hy mung sumbers of 
carnod dogroes m the sacsal scnces and cngincenng. with 
clatrvely) atic numbers rm the natural scence. mathomat- 
KS 2m COTTPwieT sCreROoes 


@ The propertion of |S. master \ degrees carned Ih females 
secreaved comuderatt) in the lawt two decades aot onh 
im the natural wtence: but in engimcering as well. in | 4 * 
formales carned 2! | percent of the natural asonce dogroes at 
the masters level and 2 S peroent of the engmeocring degrees 
Hy 1995. formnalecs acoounted for 41 0 percent of natural «>- 
choc degrees and 6 2 percent of engineering degrees 


@ \star (mericans corned an increasing sumber of SAE 
masters degrees. while the number of cech degrees 
awarded to underrepresented minorities grew ents 
slighth. The surnher of SAE master + dogrocs swarded to 
\saan Amencam grew ogecull am cngmecnng. mathemat. 
cs. and the Computer aecnoes The surnher of SAP masters 
dogrees ottarned hy Macks grew mexdesth om mst fick 
although there «as rong growth m the eacual scocnoes 
Hosparmcs also carned a madosth morcasing number of dec- 
gros wn the cu! scsenoes. as well as om ongincenng 
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@ [he aumber of doctoral degrees in cagimecring. math- 
ematic. and the Computer soeaces acarty doubted from 
1985 to 1994. Natural wsence fickds = partecularty the teo- 
lagacal xecnoes «contributed to the meng oumber of de- 
grocs. with a Y) percent morcasc 


@ Women accounted for an increasing proportion of SAL 
dectoral degrees. whik waderrepresented minorities 
showed onl « light increase. iy YY" fomalcs carned 
almost half of the doctoral degrees on the sactal scvences. 
8 percent om the bolagecal scrences. and almost |) per- 
cont im cngmecnng | aderropresemiod minorities rocened 
less thar: S percent of all SAE doctorates awarded mm | 995. 
up slightly from } percent m 1977 


@ In the past decade. foreign students have accounted for 
the large growth in SAL doctoral awards in LS. ani- 
vereitios. [he number of foreign doctoral recapeents in LS 
unnversies doulted un SAE fickds from ower $ 00 mm | 986 
to over 10.000 m 1995S an 82 percem average annusl 
morcasc Im contrast. the rate of morease m doctoral de- 
grees to LS cotivens averaged only | 9 percent annually 


@ Ihe propertion of foreign doctoral recipients planning 
te remain in the | nited States has increased: for the 
1992-9 period. over 6&8 percent planed to locate in 
the | mited States, and acarty 44 percent had firm of- 
fers to do se. Stay rates differ comuderatty hy place of 
ongm in 1996, $7 percent of the LS. S&E doctoral re- 
capents from China and 89 percent of these from Indu 
choose to accept employment on the ( nated States In con- 
trast. anh a snall percentage of 1996 doctoral rocaments 
from South Korea and Tarwan (24 and 28 percent. respec: 
trvehy) accepted employment offers im the | nited States 


@ From 1990 to 1994.15 enivervities provided dighth 
more than half of ther postdecteral appointments to 
nen-1 S. citizems. However. lhe the recent decline of for- 
cugn graduate cnroliments nm SAE im lS universes, there 
has heen a slghth wnalicr propartan of foreagn postdoctoral 
apfeentments and a sighth omcrcaseng qurnher of apport. 
ments to LS citizens. partoularty om the sceences Foreagn 
postdactora! rocaments still recenve the majarnty of such re- 
search powbam within |S univernwhes in cngmec»nng 


@ One indicator of mobility of SAE personne! in the wortd 
is the propertion of forrign-bern fecetty in US. higher 
education. in |) formngn-horn faculty m |S hagher ode- 
cahen accounted for 37 percent of the onguncenng profes- 
sors and 2° percent of the mathematics and computer «»- 
ence teachers Theve faculty arc mash from Assa and Fu- 
rape. woth the largest ournbers comuang froen india. (hana, 
the | sated Kengdorm. Tarwan. ( anada. and South Korea 
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lwrennanona Cossmasusonws of SAE Trane 


@ Europe leads North America and Asia in SAE doctoral 
degree production. in | Y9S doctors) degroe: ewarded in 
SA&E feids by Western and bastern | uropean institubons 
totaled 45.647 about 60 percent hugher than the North 
Amencan level and almost three times as many as the num- 
her recorded ‘or Assan countnes 


Chapter Overwew 


Scrontifk drmoovenes tochnolagacal ina atian. and the 
informatan rovoluban had a tremendous influence am LS 
wxsct) and the ghahal counom, on the late Mth contury These 
forces well have stell greater robes on shaping the crmenging 
know lodge saxecty that well maturc worldesde om the 2) a 
cowury The lS hagher odecaton system has facelstated this 
too lodge cuplowan and comtributed directly and undirectty. 
to the workdwide diffusan of «sence and engunecring (SAE) 
kno lodge ( omsegucnth. cnoowragement of SAE oducaton 
sake, cloment of the coonmumnea growth Mratogics of mam 
countnes around the wortd 

The Chapter on tagher education vo SAE discusses tromds 
that dormamstratc the morcasing ghohahzaban of SAE capa. 
hiitecs At the undergraduate level. the globalivapan of «)- 
cme and technology has domesta onphoatans for further 
apenmess mm access to ingher cducaten m SAE ficids for 
woonen and menontes, who will comprise the majority of the 
labor force mm the Jit contury The morcasing global cape- 
mirhes for graduate SAT oducatron have emplcatrans for the 
latge omernahonal component of LS graduate SAE pro- 
grams These chapter mchudes mndicators of the morease m co- 
matics for NAL oedecaton at the bachelor s and doctoral 
levels om three world regroms Asa. Europe. and North 
Amernca it also includes domestx indicators of current 
actvevement in carmng SAE dogroes. both at the natronal 
tevc!l and for wornen and menarriecs 


Chapter Organization 


These Chapter hoger and onds with omternatonal Compan. 
som that put LS. higher -ducatan mndicators om a Droader 
comet The comparisons at the chapter bogenmeng are at the 
bachelor's bewe! (referred to aternatanally as “first univer. 
sity degrees |. whole those at the ond are at the doctoral level 
The onstal omternatona!l indicators relate to the sumber of 
SAE degrees the growth rate over ume of first university 
degrees. the proporten of SAE degrees produced among re- 
g20Ms. partcopahan rates of college-age cohorts mm SAE de- 
grees. differences im partcepatan rates by scx. and the rato 
of SAE degrees to total first unvereity degrees by country 

The eaen body of the chapter focuses on LS hagher odu- 
catbon mm sceence and cngmmecring. including mnstetunoms. cn- 


@ While graduate SAL programs are cipanding rapidly 
im Asta. women have pot vet catered those programs is 
large sembers. Women stil! carn only a small fracbon of 
the doctoral SAE degrees msued wm Asa in | 995. women 
wm South Korca and Tarwan carned only 7 and 9 percent. 
respectively. of total SAE degrees at the doctoral level 


roliment. and degroes at all levels To a greater cxtent than 1s 
persstthe with the internateanal indacators domestx data :)- 
justrate trends in dinnaggrogaiied fickds. show Coursctaking he- 
haveot at the undergraduate level and note acheevernent by 
women and minorities The follow ing domewax ondscators arc 
drvaggrogated ty race and scx trends on cnrodiments, chose 
of SAE majors. need for remodsal wowk on mathematics and 
reRce. Parhcepahan rates on SOE degrees. and carned de- 
grees at all levels 

( hanges on the Cantrbyboms of imematanal students and 
faculty arc cxupbored on indicators on forergn doctoral students 
and stay rates in the ( nted Mates of farergn dactoral recap. 
ents. the growth and change of postdoctoral appomtments. 
foresgn faculty nl S hagher oducatan. and reverse flows of 
LS -trasned sentests and ongimecrs to Asia 

The femal chapter chars prescmt scscnce and tochnolagy 
undbcators rolating to mtermstonal motelty Those mcbhude mmicr- 
nabonal Comparer of foregn student carolimenm and com- 
panmon of dactaral MAP degree production im toe workd rons 

Note that trends are presented in terms of both S&F and 
the natural s«xences and engineering ( NSAE ; throughout this 
chapter The deugnate different aggrogatoms of fiekds S&F 
1s the more inclusive term. onchadimg all fickds. NSAE cx- 
cludes socsal and behav soral xrences Both aggregations arc 
included because trends differ among SAE and NSAE. par- 
teoularhy for women and menornty groups (cg . they are rela- 
tevet better represented on the sacs! and beh oral erences} 
In addvtean. to make rnicrnabonal Comparnseam more compa- 
ratic wn wope. NSALE is frogucnth used 


Worldwide increase in S&E 
Educational Capabilities 


in cach Country. a number of factors drive student partic: - 
padean om scrence and cngmecring Among these are demo- 


graptecs (the number of colloge-age students) orgamzatonal! 
aspects of the university system (how open accessible the 


sy sterp rs) how the secondary educaban system dovetarls mmto 
tagher education. as well as the moentives for studving and 
stayeng on SAFE as opposed to entering directly into the work. 
force These factors combenc om different ways m cach coun- 
try to onfluence the number of SAE students 


The nates! Samo Comer @. pines Chetmacal Mokagucel agr 
etre cart seein and x camagragte, cacke: 8 ec! a met 
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First University Degrees 


Prom the oued- 148 to the late 19 the caer of for 
unvem™aty Gogrocs i sco” and cngumocring vacrcascd raped 
m Awa and burope and show) mm North Amonca in thes pore 
tow uneverety dogroes on SAT grew at an average annual rate of 
48 percent among |6 ft uranean coumtnes a 4 | percent among 
% Awan countne and at | |) poroomt ajnang North Ameoncan 
coumines When comadgenng ant NNAE dogroc. the Nceth 
\mencan degrocs declined af an average annual ratc of put un 
der | peroomt (NS? 199) and Noob 190Ra) wtele the baronecan 
ated Assan deogrocs murcased ower 4 poroen 

in 1945 more than 2 | mulleon students mm thee three re 
groms carned a first univeresty degree mm «creme of CRgMOCT 
ng. up from | 6 melon wm 199) “(See “Dogroe Data Availatic 
tor Awa. berope, and North Amerca ) These 2! muda 
Gogrocs were cvenhy dn aded among the mapor fickds appro, 
match “6S (0) were carned m the natural xscnoes, 641) (0D 
n the «xual scnces. and 799.108) = cngemcering (Soc text 
tate JC 

Hy | 99S wethen the Assan regron., the number of fort um 
creity degrees om the natural sence: rose to ower MEDD 
simost as many as the urnher of such degrees carned om the 
t uropean rogeen. and ahowt twsce the numer carned mm the 
“North Amencan roppan Wathen cngincering. wiected Awan 
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Degree Data Availabie for 
Asia, Europe, and North America 


Data avasiatelsty differs among the countnes of thes: 
three rogpons Trend data on degrees carned in broad 
SAE fickds have been developed for 6 Assan cocno- 
mcs (huna. india Japan Sengapore. South Korea. 
and Tarwan. |6 Western European countnes §=Austna. 
Beiguum. Denmark. | miand france. Germany, Ciroece. 
ireland Italy. the Netherlands Norway, Portugal. Spas 
Sweden. Swutzeriand and the | nted Kingdom. and } 
‘arth Amencan countnes ( anada Mexswo. and the 
United States (See NSF 1993 and NSF 19960) Re- 
comt degree data cowernng ane year only (1993 of 1994). 
for selected (entra! and Eastern European countnes 
and Ruswa were ottained from the Organisation for 
bLconomx (o-aperapon and Development (| 996) In 
addmmon. more of Assa's developing countnes = mchad- 
ing Indonesia. Malaysia. and Thailand fave begun 
collecting and reporteng thew national education sta- 
testes to UNE SOO annual survey, proveding a more 
complete pecture of the Assan regpan 


countnes produced ower 543.0080 degrees. 2! percent higher 
than the summer of such degrees on Europe (inchuding Rus- 
“at and more than three termes the sumier carnod in the North 
Amerncan rogeon (Soe figure 2-!). text table )-!. and appen- 


cohorts ave “ewer ( Lace’ s stew ¢ ) dex stew ete sug? md adua ower din tac : 7 
a" « Aflercer neers toe fr fe Tree Gogre ¢«¢ jeerrew @ Nah 
rete orm eee frame amd Nacterker 6 Gogree @ Acca cue Asia 
pp enageigen- ogre Trend data fromm sclected Assan Ccuntnes show that for 
Maile wore svedieitic freee toeer .camttrecs for Ger | OF) rogecm! total 
be 0908 Qananame Gite casted came Gane Gesmnees eatin o 2 ( hema Inde. Japan South Korea Sengapore. and Tarwan. the 
eo Reece Soe aggromdes Uatthe | Se SE 1) ceretiens cate | ie nummer of fort umrversety dogtocs in wsonce and engmocnng 
many ec SeEeS om ION. veges wets frocks mcrcased greath Between 1975 and 1995. the total 
Text tate 2. ' 
Foret ureversity degrees in SAE Ly region 185 or most recent year 
wee ager North 
\ oe Awa trope aera 
Fee! Urwweratty Gegrees af fumicts $.208.205 2043677 1713423 1 451.908 
Soence A engreeing 2 146 648 a6 ame e272 a ee 
Net® Scerces "64 B20 B77 38 4&7 $3108 
Soc soenoes ea2.777 7e0.7Ts ‘meee 27273. '08 
| Qereering Toe OSs Marrs 783 530 199747 


6 TES ONO peQueermernts for See ceeeree) Gagreee ¢ SAE Ne are Sor COPEMETEEN® BOFOEE OF Geer er Me Corian eckaded © ene Pees ago 
OMOEA NEE ENE ON NO EN CRE AO rege Ortho 6 veer. end factor aR 
ee DOPE Ce fF 4S Re erage Oreo as few cxeret, Gagpeee feoe 6 ONES Cameethcater Wore oan fer vie ae) to sere 
mer ES EROS TRY are eS Oerteert of fQucator to cee he ween of hugger educates tr hate Comp eratelt, scram Cortes 
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Growth in institutions of Higher Education in Asia 


The pameon of hagher odw aon umtitutzoms on Awa 
partcularh for graduate programm. has been fmanced 
government (Japan). by mdustry (South Korea). and 
through internztaomal bawms «( hana) 

Japan. (ages yreatty panded ) mteuacm of hegher 
otucatbon m the 190s. By 1955. thore were ower 10) putix 
ooettuor. ox hadeng hoth bacal and nstonal uarwcrtacs Thc 
omarniter of pula unsttuom has act wagmelicanth ecrcad 
samoe thon bn all. 2S nateceal aevornwtes and |S kacal unever- 
wees have foes anened @ the law 40 youn In comtran, the 
emanate of fer ate emwuttacen has morcased raped) om the Law 
tow Gocades reacheng over 400 m 1995 and accounting for 
arownd ~S percent of all tugher cducation umistutbons 
|Meomterho | 47S) National uneven however, domestic 
om the praducton of dactaral dogrocs. accommtang for 8S per. 
com of NSAP dogroes ( Montrasho 1975) 

About “of Japan > natonal uerocrwhes arc Comaderod 
noscarch unrvernwhes In the 19 the gowormment Mins. 
wy of Ed@ucaban Sceemoe. and ( ulture hogan buskdeng na- 
teoxmal onter-univeresty rescarch institutes open to all 
oguapped rowarch faceltacs that can be weed for mtcrna- 
bona! oollshoranen mm apecefx fickds The firwt of thow 
omct aR cet) rowcarch mmtitutes was the “Natecmal | ate 
ratory for Higher Enongy Pies These wnetutes. noe 
murmtctimg |S have the samme ctatus as natoral utwverwtics 
| Mooritarsho 1995) 

The man sconce famdamg agencies im Lagan hac sharps 
om teased the amount of Competing roewcarch fundeng to 
urvenwhes to umprove rowcarch faces and perwonnc! 
\teout a half-dozen research mstitutes have rocened large 
fre year infueons of funds to cnaitkc them to hooomne ocn- 
ters of excellence m qprwecunlired fields ¢ g . beam rescarch 
onatetal xsence. and coomomnetrcs (NSF 1997) 

Seath herrea | hc mon! prestigious institutics of haghcr 
ode abon on South Korea arc those few astonal annor 
toes that survived the | @S-44 Japanee cocupaan Hoe - 
covet. a subwtantal nctwork of new bugher cducatvonal 
onsttyuham eas created after the Korcan War Comersteng 
of 1M colleges and wnrverutes and |S) pamor colleges 
The Laticr play a hey rode on the education of scsontests and 
omprmecer. In fact. much of the recent mec mm postsccomdary 
oducatonal stlanment ns scen a the pumor college bevel 
ahere cnroliment ncarthy doutted herecen | 980 and | 485 
Ceowerament of the Roputtx of Korea | 996) 

South Koeca has abso cupanded graduate SAE program 
in tine | ORK the Rowen Advanced heutute of Scromoc and 
Tectmotagy eas cxtattevhhed to merce sapgeet for post 
graduate tramung « vthen South Koeca Meer rocemth Pohang 
Unwerety of Scrence and Technology eas cstahieshed by 
the exdustnal gure Potang bron and Moe! ( oepewston mach 
as e@wttubom wach as Stanford and ( arnogac Micon were 
fomamded t cart |S) ondustriaints 

Chima. in the | RIK. the cutemve infrastructure for 
graduate tramneng om ( hema was etrengthemest after han ong 
heen greath drrupted Gurimng the late | 9s and the ( ul- 
tural Revotupom of the | OK Chena poten of mmmtern. 
\fatron through «sence and technology resulted m « 


masenc em ostiment in hegitct cdi ate ometitutars par 
towlarhy to morcae cnrofiments in SAL at the undergrade- 
atc and graduate levels The cxpamecn and upgrading of 
wach entity were partially fimanced by a somes of m- 
tornateenal loans from the World Hank. from 148!) to 199). 
these loans totaled $! 2 bellon (Soe tout table 2-2) 

( hena specifically rogueted intcrnatsonal do chapencet 
aseestamoe haan for hegher cducaton as part of mts coo 
mona plan ky teriatcr ity hegh-tochmobagy manufacturing 
sectan The loam omgro. od rescarch imtrumentation and 
computing facilites allowed bath omar wholarn and 
vounget students to study athroad and pron ded for sev cra! 
hundred emtcrnateonal ad\ mors to asec. departments and 
advise on curricular reform i Hayhac | 989; 

Part of Chumas strategy was to emprove the qualety of 
teacheng and research om hogher oducaton ty sonding «- 
lovted students to study on foreign unrvertes. cwpecuaily 
om NSAE fiekds At feet. most audents and research «hol. 
at were gowotament supported and returned to ( hena af- 
ter thee studies Hetecen 1979 and 1958 appronematch 
19.500 Chenese scholars and graduate students who had 
stuched om the | nested States returned to ( hema. they suber. 
quenth became an emportant component of ( hens) «- 
ence and tochnolagy resources (Oricams | RR) ( urrenth. 
onl a wnall fracton of C hunes forergn students arc go - 
cTament supperted and return rates to ( hana are bow (Soc 
“Stay Rates of horegn Doctoral Recaments m the | aned 
States” later om thes chapter } 

There are more than | (8D hagher oducaton mmatitutcs im 
Chama Seventy of them proved fow-yoar unrvenaty pro 
grams, 4) arc compechomeve w verwtes In 28 shoe 
S# of Chena s hagher oducaton intitubom were unghed cut 
as comers of cxcelience for prmorty funding (NSF 1993) 


Tent tatwe 2-2 
Recent World Bart education propects in Chwna 
Mitors of cuter US Gofters 
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Growth in institutions of Higher Education in Europe 


in the 196th. the acockerated pace of Larapcan coo- 
mewna Gov choapement created a demand for more skilled Le- 
hor and the cxpamvean of the maddie class Caused a great 
demand tor tagher oducabon Governments mn farape re- 
“pended to these prewaure th formeng so-called “nan-um- 
vorety” terteary lewel msttutoms. each as the Jeeta: 
( meverunaenes de To tmotage a bramce m 1966. potytech- 
mcs om the Lested Kingdom mm 1969. and the fachha’- 
«heler @ Germany @ 197! (Academe Europes 1992) 
Thc somal) cweminer of students on socomdary amd heghecr 
tec ston un these Countnes hogan to cupend Semelar in- 
Vitvboms arone throughow other Weer f uropcan coun. 
ones Guring the poroad thu: troademeng the student haw 
op hagiker ohacateon The largest sumiiern of imstityboens 
are fownd om Grormany. france. and the Umated Kungdom 

Germany. (sorman tegher oducatson takes place at 2S! 
“nettubomn among them | 2S / a: then tectedes and TO um: 
vorwhes imchudeng § penate unevenwte On) umrveraty 
etaduates muy Comtemac thes dudes through dactoral peo 
gramme The umevereety degree om (scrmarn rogueres a mam- 
cman of 4 vear of ud) the aecrage longth of amdorgraduaac 
steady os 6S woure Thos lengthy fore ceewersty dogrec re- 
foots hoeh the quality of unncrety education and the grew 
oscrorosdhing of umrverwhes. 4 phomoamenan that occur 
*hroughoet farane Laren cducataan m funded by the 
federal powcrmment and the | ander (states) and the 1am. 
hor of imttutom and faculty poner hawe mot expanded 
om Proporteam to the morcawng sumer of students (Von 
} nedetarg 199!) The Gorman Goverment has cstaiiedhed 
Sew fe thee tedew oo the former baw Gorman to 
create 2 more haghly shulied ister force and to fowter coo 
oom growth om that rope (Cascrmment of the bedicral 
Repubtx of Crormamy 1994) 


omictes om WAT feckds In the | eetod States. tar rate of 


“SAT dogrocs te total fort emnvcrety dogrocs has decid 
fromm 7) peroeet om 1687 wo 1S percocet om 1985 (See NSE 
09) eed appends talc 4 | be contrast, Mcusoo has had an 
™ TOaeng Collope-agpe cof aad an paren of carned am 
creat) degrees fron 1480 to 199) partecularh m ongence? 


ee Rocont data froee Mean: | 99) gud 16046) chee 5 hex tome 
nm NSAE dogrees fet the ms duc to map Changes om Lome 

omecs wed om the « lawesfacatean of NSAI dogross and m tik 

gradustae roguarcmonts « then Meuse. amncret, water 
ANL TES |e ) 


Regronai Proportions of 
S4&E Degree Production 


Cipgeetummtecs foe SAE chaste ae mcrcawng Grougher 
the world comeogwenth. the |S peegeetece of the wetal ns be 
cremeng bs | 9S carned dogres @ SAT om the Nowth Amer 
Gan rogpon repecwcnted 2) percent of the three-rogeee total | Sor 


breace. \mtmubom of higher chucatom om bramc 
ade unvorune tochmcal ntutuics and Grumdes foods 
of cnganeering. bwuness and admenetrapon The vast ma. 
panty of students arc mm uanvcnwmes onl 4.10) students 
attend the prestigoows Grumdes bo odes (betdman and 
Morctic 1994) Postwooomdary to year iochmolagy pro 


grams grow raped) im the | 980s af the | mrversety inet. 
tutes of Technology and the Section: de Techanciee 


Sageereeer (Chariot and Potter 1492) 

( mined Mingdom | ot) covcethy) hagher odu ator om 
sutuborn on t ngiand and Wales ecre dnided mito three 
ctor. amivenste potyiectame: and colleges Mow peo 
vue three-vear dogroes (folowing a |). wear chomemtary 
and vondany program) although dogree seards mn NSAE 
fockds usaaally take four veers Tho amrverstacs are the bong- 
ow oxtaiieshed of the three ctor ( ofleages were founded 
wm the late 19th comtury for xceng personne! for local 
conptowers Therty potvtectexcs wcte created m the | Sith 
to broaden acces to haghe: aducanon for groups trade. 
penal) underrepresemed The ongunally were to have a 
vecabonal focus. but the coune offerngs of the potytech- 
nace have gradually hocome wemular to those of umrverny- 
nes in 199) most potviectincs sttamed unrverwt) status 
The 46 cursteng unrerwhes rctammed thew robe as prem 
pees ders of rewcarch and stil account for the Lange mapor- 
@ of natural wecnce degrees Omby shout half of all ong. 
acening and computer xopmce Gogrees are ottarmed om 
umnetwtses however the other half arc obtamned om pots - 
techmecs and specushred colleges ( Tarsh 1992) 

(hoe more mmtormaton on imituom of haghet oduc a- 
hen on Geormany. France. and the Unned Kingdom. acc 
NS? 193%a ) 


fogute 2-2) Tike € rte States copececnted bow than | § percocet 
of wach carned dogroes tn comaderng anh SNAE fackds fo 
hadeng the exces! wocmoes) the LS peepee me oven wmalicr 

f vem themgh the lack of teme-serme Gee Re afl COMmtIC: 
wm thew fogecen Peon 2 tatetcalh) wand Coe qparrecs of 
rogeomal Progrertsces froen an cartect porwced the he her rate of 
change om the Grtribetwe of SAE dogroes os ct tan mm other 
world rogacens has eta atecens few the | med Stak + and offict 
coumtnes The ghotal dffeworn of SAL cdacetar ale hav 
emacatecer foe the |S feghct odhacatene ey aterm (Biker Comm. 
ies eCTORNE Capacty to odacete m advanced loch of SAT 
hetps cuptar the doctor m feeagn sander caroliment mm cn. 
guncerimg programs mm the l eeted States (Sec “Hachketer + 
Degrees om SAE and © Tromds om (radaste bE arodieecet later 
on thes Cthapect ) In adden the COmtenaeng Cipla of glo 
hel capmcety for SAE cbecateom fas coplecatecen foo af! ma- 
te semcoe ot emdbcates an croased peotemtaal foe toc tetera a! 
and coon douches words wdc 


rapure 2d 
Foret urwweruty degrees = SKE wm thwe) wortd 
egos 1985 o mosi recent year 
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percent eth an NWAL degree. although partacqnateom rates arc 
well Lar bower than those foe dewebaned coumtnes (Sor appen- 
den Caltde 2) oe NSE 1998 foe treed data om Acaan commmtrecs | 
it ( heme Comtemues fo mcreaee a farcten reac om NAF 
dogroes and Inde Can musentann os Curren rai « th 2 gre mg 
pogedatem the work! tek of «scmce and cngemoccrung grade 
mes well be groath augmented and the |S share of SAP do- 
erocs oll bw robo 

\ decomeng poet of college-age tudes @ barope ha 
mot rowalted m dochmeng summers of NSAL dogrocs. as has 
curred mm the Levted Segtes Rather. partcepateen rates @ 
hegitct odvcateon aad NNWAE dogroc. peevecmety koe Kae 
grown te more than offeet tc decionmng popuisteoen In | m- 
came toe cuampke 9 percent of the college-age Codactt abaszem 
) amrvct™rty degre: Ge natural worm of CRgmecring 
mm of the teghew partcapataee rates im the eortd 


Drfterences in Partecapation Rates by Sex 

The gross th  partacepateon rates om NSAE dogroes dif- 
ters Comeaderaity for makes and females across Commtrecs 
lagen shores the Largest depart) m compictoe of NSAT 
dogroes h males and females of college age In 1995 more 
than |) poroont of males ot the Codloge-age popwhateon caracd 
am “SALE degree (ee peroemt of hapan’s females corned 
~aah a degree South Korea has 2 semmolarty Regh percentage 
ot cotlege-age males carneng a NSALE dogrec. and 4 jer- 
comt of ts female college-age popedsnon carmed wach a dc- 
gree te the Lnmted States. ~ percent of college-age males 
carned an NSAL degree. as ded almost 4 percent of formmalcs 
(Soe appenmdn talc )-4 

im Comumtines of the three world room cian scence 
mane Noon partcularh wocesstul m carmng dogrees @ thr 
eaters! scecnees and the exceel aceemoes By 1995S commen 
careed SO percent of the astural «xcmce degrees om hagher 
oka steom onvttutom mm the U ested Agden S46 percent 
italy 4° percent mm the | meted Sagecs. and 44 percent om South 
Reece In mew commtnes © the three rope ecemee hae 
shee carmed the majority of feet emeveruty degrees m the «> 
cm soemmoe. The setae ceoepteom ae lapee and Soath 
hKowca where eoenee care ont) 2 mendew progeetaon of eaxcual 
~weemce degrees (9 and 27 perce. rewectnets) Woenee @ 
a!) Commtines are comadersify lew hkch to care degrees @ 


omprmeering (Soc appemdinn tale 2.‘ ) 


Focus on S&E m Migher Education 

Part of the reason for thes raped Awan growth has teen 
the greater focws om these fochds @ then Awan emrveretcs 
sooth hegh quotas wt for carodiment: ot these departments 
Reflectong ( hema + trategy to devetop a: ccomomn through 
s<temce and technology (sec “Ciroeth i lestetetom of 
Hager Education @ Assa”) 72 percent of as forwt amever- 
sity Gogrees are carned m SAL ficids In addon. shout 6° 
percent of Japancee degrees and 46 percent of South Ko 
ream were m thew fockds Among beropeen coumtrecs 46 
peroemt of fort aanveraty degrees mm (crmany and | enland 
arc mm SAE Rewus and ( cotral and fF avers t crogpean coe 


ater. ne tocar © Scarce and trgremry 


tres arc wmlarh faxcused on «ecm and cngmmecting in 
comtrast. less than ome-therd of first amneruty degrees 
(backotor + degrees) mm the | meted States arc carned m SA! 
(Soe appendin table 24 | 


Characteristics of U.S. Higher 
Education institutions 


Thc ( nated Saates has a Large amd Grercticd «t of um). 
tutecms of hagher cducatron that prom ades a codloge of unc. 
saty education to over ome-therd of the LS college-age 
popelaton (Soc appemdcn tate 2) | Thee acces to Regier 
oducatoon ranks the | eed States among thow Commtncs « th 
the mow open oducatbon wy ster m the work’ 

bn the | ened Seats. thore were 1681 1 | 994 patie aed 28” 
pereate) ettuom of feghker cdhacuteon om 1995 (HEP 1997) 
Threw cotitutacen corodicd [4 4 mel stuadom 2 all dogro: 
howe: (awecuatc. Nachobor \ cater \ and Gators!) om Gut voor 
a 22 malleoe dogroc. aio ome-gusrter of etach 
were mm SAE (See fgere )-S ) The ( aomegee boeadation for the 
Advancement of Toachang fu (taewfaod flew erttutacm me 
'0 Caaggores fused on the sare of thow Naccalsurcatc and grade 
me Gogroc programe the aoeet of tewcarch farang Gary e- 
come. amd for baccalsercete colleges thee schectrity 
bodes eng na frict Gewcrnmen of thew Catqperics 


© Rewerch earrramn Ll om emer offer 2 he) Cane 
of Naccalsweate program arc Coerenetod &) graduate ode 
aoe Grough te doctorate aed grec tagh precy trocar h 
They seard 4) ce emer dutoral degree cach vou and re 
cone $6) mele ce meee aneuslh © faders! egypt 


@ Reweerch earerrume WH om etme me ae 
as towcarch | cucepe Ghat they rocerwve betecen $! 5 S mel. 
teow amd $4) meiiece anmualhy om foders! wapgeet 


© Dewterete-qreanag | i> edd & oforme 2 fe rarer 
of Nacceleurcstc Program. fk mewn of thew mtity 
aoe oc hades a Commemetrmcnt > graduate hac atom through 
the ductors! degree The veard 4) of more Gxctors! de 
grees amewalhy om ost boast fc academe Ge ieee 


© Dextorete-qreanag 11 | hom tome ae Oe ae 
Goxtorste-granting |. cucepe that they weard 1) of more 
Goxtoes! degrees annually = x loaw ome Grecpiene of | 0 
ot more dxtoesl degrees mm three Gru pines 


@ Water) (compreacaseee) aniverume end college | 
Thew mttetom offer Nac sisureetc program and = ah 


few ciceptiecm gradumte cducatsom trough tic maar + 
Gogroe “bower than half of thee Naccalsurestc degrees arc 


resrécd im tec of more ox cupstromal of profeweom! 

Grecqphar wat a cngemoeting of Sunencw adres 

“Ves Camage cGamtfumme © ost @ exreumen gute wwe re Me a 
“x eet Nememrt (ieee a ate aah ¢ g texan? | and coer? Pf 
‘et oer da wet, gue Re sem deg Fee 
OR CRT we Mew ER) COpaeny edrte: Chet & Ne. sure oot 
topes oer oe geen! Ge ( eon Caterers comb gee mee cee 
earn 
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The U.S. Higher Education System 


The LS system of Regier educeton = character- 
ree at the atubergraduste beve! & drvern<c mmstitutooes 
that prownde Meuitte scoees to Regier echacatom for a 
broad range of LS cotazers At thee graduate level. the 
system serves mot omy LS stunbemts bet mecrnationa! 


students as eri! Demograpi <henges (for cuampic 2 
pevaheng upeurn om the pogudaton of Codkege-age wtuademts 
a otm heginet percentages of memowwtacs underrepresented 
oo SRE) the mcreawng capabeltics of other aston. 
amd po®-seocking cipenemces of recem graduates arc 
Proemptrmg a rociamenation cf the |S system of hagher 
ovtuc staan 

At the umdergraduste bewel. the |S systern prowndes 
moos for a broad crom-secton of ctizem About ome- 
therd of the college-age cohort compéctes a college of 
unrvetwty oducaton m wene frekd ARhough senc fF v- 
lOSAN COMMENES arc approachang the hagh level of ax - 
oom. the Furogpean rpon as a whote reaches only shout 
nalf that promorton of ts codlege-age cofiort ( omend- 
utemg bo thes Deoader LS accens os the eupamerwe omete- 
thomas! base of S Regier edacaton. etech alloes 
toe flevstelset) om transferring asmong umtitutsoms amd é- 
veTse athemdance patterm (wer cme-therd of the | ‘ mul- 
om wtadents on S hegher e@wcataon are om COmmemamety 
 olieges These mmstetuteoes bet students transfer creuits 
1) fowr- wear Colleges and amrverwetaes. they aso pron nde 
Lotpaderaitec remedha! Coumeeort for students eto acre 
noe well-served hy of well-coeneted during tice hagh 
«how! oducston (Chapecr | Grucwests thes piemorn- 
cmon. «th particular referemoe to madkdie and hagh x ee 
teachers teacheng out of thew foekd capecuslly = math 
and sceemee } 

The cipamsnc invtutems! fase Bowever ms ate 
taratenzed & uncover qasiety and heghhy drfferentsa! 
resources Mary menor) studdemts are om commemumety 
 otteges although the cam facehtete thew comtrmustor 
oo the Regier edhucaton sy stern thes level of the sytem 
the most poort fumded amd fas the sore track record 
fow graduation (mh 2 eneil percentage of manonty «te: 
dents of students from poor farmeies compértes am as 
«x ute degree m an SAE feck amd seteqguenth enters 
» fowr-year mmettutan Moreover samce most mustincest- 
<s Commer. af the commumety codlege level are reme- 
dea) they are mot transferee to four-year eatrtutor 
Thes route om the LS hagher echecetion system has not 
vet resulted om COMmemurstc representation of manor 
ty grou wm carned degrees m wormce muathematas 


and engrecermg (Sec “SAE Human Capea! Develop 
ment ( omtenued | acvenness Across Demographic 
Crowps” later om thes chapecr | 

Weh @ Mend of abanced Commework and rewarch 
expenence. |S graduate educator m SAE 6 comadered 
to be among thee beet om the workd In the bast 10 years. S 
grahuste program: have cupamded partacularty at the dox - 
woral ewe! Academe RAD has alo grown during thes pe- 
rend amd an mcrocawng sumber of forergn students hive 
enrolled m LS graduste SAE programs Between 1955 
amd | 90S the summier of doctoral degrees searded m cn 
meen. cuathicrmatac) arad he Coemputcr scaemces Gouteed 
Much of thes growth was duc t forergn doctoral recap. 
emt. mam of wtoen carmed thee SAP degrocs wtuke sap 
ported as research assistants Postdoctoral postions 
wxteseed af aimmont the samme rate amd forergn students 
carned an ex TORR Proporton of these appoentments 
siaghthy more than half by the 19905 (Soe chapecr S. “inte- 
gramon of Rewcarch With (cachaste t ducamon | Begunnung 
om 199) temever foresgn student corodiment m |S grade 
ate SAE programs cupenenced 2 dectime. whtach. if # com- 
trees, will redece the properton of SAE degrees and 
Penta tora) appoentrents wearded t) foremgr students 

Dec meommakers throwghoet the |S Regier educator 
Sy Mem are CLamenamg hott amdergradtaste aad grachustc i 
chy to Oeamdern partcapamon of afl grou m soci and 
emgmmeering. stad to broader career chosces for thowe eth 
advanced dogroes Al the umdergraduate bevel. a rev maliza- 
hoe of scecmce amd muathomatcs curnculs © semed at bet. 
ter tomctemg of all shademts onfamced teacher peeparstion 
foe K|2 programms anxd greater retemmon of smadents = SAE 
departments | ducatory arc formeng partmerviaps hetecer 
the facut: Vv reo anxd four wear ccfonds to empee ace 
Goma COMrWES ft Comnemumet) Cofbegpes und estates agree 
ments for tramsferrimg creeiets in gradkaste echacatoon the 
wpprogeruteness of Current trameng for careers m madustr) 
a eetl asm acadermsa 6 Neug Cummencd 

Reform: ml S hegher education are partecularty om. 
portant in laght of cagoeng demographa changes A rec 
decade-long decline m the college-age cohort im the 
| meted States reduced the tradtoomal college-age popes 
toe from 2) eullkon m 198) t 17 qulloe me 1995 The 
Gecteneng tread ms cupected to reveree atucif im tie veer 
200) The peopected encressng student popuisnon «1!! 
then create s Gemmand for vet furtive: cupemon of the |S 
hogier exchacatzon sy stern 


oe 4? preerrs oc ator ‘oe 


@ Vawter (compreacnuee) enterrune: and college: I 


ws ef fig 7s aT hx TT & Trupric? es ; creat ~~ Be 
> > : . ~ ne 
c¥ ' tr s 2 v ; ¢ geri az 
~ 7 z ae we na k& 7 


© Bac celeurcete (hheral arty college 1 ew ‘ 


or wt hry mast ms 
sa Pas oH) owe ." em « JhLeurTC a 
~<Ts Tm ie 


> Be. . eteur ate (isi rel arts, . otteges U1 T Pace ofwett oc 
~wwts ude Ty o aes coc. Taat pearl bows Pas 

- x cere Pacts) S¢ts ae Mw ACTA | CS 
BOTTI ss ar “am. 21a S 


@ Protea! « eee end ater pr whe er amemeon. Ow « 


_-_ RW tate fron tte ha fete > th 
: xy mark ™ Ta 
Ne “~~ _ *' <s i. a... 

ake YA. «Tree ee acy aul oePart 

' forum cicero oe Tada es «Pees oe 


* * Ts «= yy ~ e* “ara. ame! Tiara 
.* a © a : wal akcwegt ' Se es 
x " rare ft eres TUN rvirtisa® 
<“\ 22 : ab) aful Tape! Cia 
: ~. Stu mriwbrrecmt fel) flow th 
- P of fas » r be y re 
2 ; © armel apgermadss tary a» Ties Gov hee 
_ . ™ er ae ~ ‘ + a <b § 
. - ‘ *. ~ Cc ~*~ 
. -_. a Pr hi — \ wb} re ~ a 
- ma formes a3 Mect for omer a doce ® ciupemied 
gh haste ' 3) semeeocelstooen part 
* ™ ™ wrt ™ rr Ter wy a” 
. ’ xT ‘ cy ay “" «  -. 
Bu: Ny Ine, “ ams hagiact cuba Saw Chr recht 
t 1m ~~ Toe ~ wrrcT 


wugewrt» waters) aul exe “eter Gogrees & Pee Te 
grate ae! rebevygr eae ach | Ne [ge ' a 
car Ph amr crvetacs crarueacy) opis Yewrvem « & veers 


~egheer cchacetoon Pet creeks coer  peroeet of of) SAP & 


grees | Wee apgperes Gates * ora! yin cortredt er aoe 


Teller: sfuatemts sttcraiemg pune CEO completed’ an ae. 
; de yrcx >>. rar Bs" cTu } Fs ~A | : . = ™~ Se « 
"oar CONC SS. Mec ver. oF ob Mimung cea at sm 


flousbelet, om thx > Pere’ CeCe CVT 2 
cents & COSTEDErte moweies! work -cclated Comes Of &) OED . 
™ for trameticr & 2 fous woo (xy maevereen * 7 


s A grxt + cha atu » wert 


Undergraduate S&E Students 
and Degrees in the United States 
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Characterstics of American College 
Freshmen Planning to Major in S&E 


Need for Remedial Work ps _ 
wn Mathematcs and Scrence 


Planned Majors and Completion 
Rates by Ses and Race/Ethnecity 


Freshmen intentions to Masgor m S&E 
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the | neiod Siates ( creel. i) mm CO far rod 
dong assoceate of arts degrees They provede shart 

mcs. trae om work-related tocfemece! shel. and serve as 
hooker ~ feels to fowt-vear Colloges and unnecmetics In con. 
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Bachelor s Degrees in S4E 


Pb soot Sor a feet decline Netwoen | YEH and | 489 the nan 
her of carnod hachctor + Cogrees wn SAE from |S) ostetuteamns 
ha foen morcaseng for mcr a decade. rung froen over wie ee 

VE) to PR om 1995 Tromds mm carned SAE degrees in 

\ ometrtvam howe differ wadech Mw ficid In the natura 
sommes. 8 hang «how deci fram 197A &: [9 onded «bef 
ng t© an apturn om such degrees during the 194K Natural a 
onoe degroes morcased © ( pcrocrt anesualh Sroen | Pw 1995 
ath stromecr than avcrage growth om the Peohogaecal and cm) 
ronmental ccecnocm. Set any mendes (2 perocnt) grom th om the 
Rrvwcal wscmocs [he summer of commpicted math and com 
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puter ssonce dogrocs dochmad fro“ 1975 to (979. then chamined 
tcadih reacteng almow S900) dogroes m the peak vear of 
1VS®) Altractom to the Computer scacnoes dropped proceptcush 
from 1986 to 194! followed by slight decreases to 1995 The 
numer of sacs! «sence degrees awarded after rooord grow th 
hetwcen [98H amd | 99) (avorageng 6 percem annually). ha» 
romannod static for the last four vears bngencerng dogroes 
whox sumer: ako pcaked m | 48 following 2 decade of 
trong growth particularly mm clectncal and mochanecal cng- 
ncenng dechned unt 19)! and then aatelized The shgiv 
annual growth ratc on cngmmeocnng degrees from 199! 1 | G9S 
smanrnh accounted for the morcaang sumber of degrees in 


chemmecal and on! cngencerme (Soe figure 2-1! and annendn 
talc 2.21) 
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Distance Learning and Its Impact on S&E Education 


Vertually all of the 400 engunecring programs in the 
( oited States have some form of conmtenumng education 


auth dutance loarmeng for a local areca. less prevalent 
hull grow ing & generalized distance icarneng. wath course 
maternal om the Internet Students are increasengly par- 
toepating om fully developed SAE lessons at home. at 
the offhoe. om a bebeary carrel, of even at another univer- 
~ity The empetus for distance learning stemmed from 
the rowpomsebelity of Community colleges to serve a large 
number of students wsthan a goograpinc regso*. and thes 
need to develop off-site learning centers In a 199! sur- 
voy & the Amencan Assocestion of C ommunzty and Jun- 
vot Colleges. 80 percent of communnty colleges and 78 
percent of umrversetics had plans to provide distance 
joarmeng hy 1994 (Brey 1991) 

SAE baghcr oducation has benef ted fram advances in 
destance learmeng In the 1980s. telex esan became an m- 
“rumental medeum for developing courses and degree 
programs at the undergraduate and graduate levels Onc 
cvampic » the l arverety of C abforma at Daves instruc. 
sonal Teles mean program ( lasses are broadcast lve dur- 
omg the workday and students wseualh enroll in one course 
pet quarter full-crme professsonal cngmmects oltam a 
masict s degree om approematel three vears and 1 dax- 
tora! degree wethen five to so. years 

Tclocormmunsc aban and satelite deiner, make it pos- 
whic for students to oftann thee degrees almost amy where 
mn the world Colleges and unnersitiecs arc using thes 
~upPert tochnolagees to augment ther crnmtung drtan - 
carteng programs ¢¢. fax. ( D-ROM, c-mail, two-ww 
waho, und teloconferenceng. (See text table 2-4 ) For en- 
amc. the Natanal Technobagecal | arversty, a comsor- 
tram of 4° leading cngiecenng unrverstes, offers | 200 
courses and |) master’s dogree programs m sceence and 
ong Mec»#»ning 

The Internet offers a fundamental advancement on dis- 
tance learmeng detrvery The acu imernct applications for 
aude eden and [wo ae) COmmumcatan are capected 
© emtegrate the prev sows adv ancements on distance icarn- 
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~ ‘orrepics anette thee Seek cuter of ce 
thew fockds In cngemoerung. fcommaics mxcrcaecd ther 

med diogtoes om the |W nartawlarh om chemeacal and cn 


meEMmocring (f thc ware PeTWE Gogroes im cngmocrng carnod 
new! slegithy (Soc feoure 2-12 

(hcT i feet Mo Gooedes Tie Kroger of SAT che 

armed b matics has ocrcased Comaderatth. particu 


ing tochnolagrcs imo a single medium Schools are he- 
gimnung to capenment with on-line courses. for crampic. 
the \ arverssty of Phocna offers on-lmme courses that 
prevent workshop. boamework. and cven the final cram 
vea the Imernct The internet s me,ect on SAE hagher ode- 
Caton 1 not clear at the tume. but several SAE assace- 
toms are actively discussing its potential (For more 
unformation, sec chapter §. “TT. Educaton. and Know!- 


cdge Creation”) 
Text tatee 2 4 
Percentage of acadermc institubons UusEng venous 
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arty om the natural wecmoes and cngmeocring In 19°S females 
carne’ alot one-quarter of the dogrees m the natural « 
cnocs and 2 percent of these m cngmecermmge By 199% fe 
males carned $9 percent of wacul scronce degrees. 4° peroen 
“ natural socnce Gogrees. §S percent of mathemates and 
computer scence degrees. and | peroent of the cngmocring 
degrees (Soc append tate 2-21) 


Troms om SAL bachelors degrees aleo differ hy race 
cthmeact\ wrth afte stuckerts carmeng fcwcr dogrees nm ws 
than om carher voars. and menont grows comtmume ther 


$6 


Ss/ 


2.20 © 


grea th in carned degrocs im these fickds The surmiter of dc 
grees camnod  whute students m show hy docroaseng im all fick 
cLcey* the natural «remo. 

in comtrast. the number of degrees carned ty under. 
represented manatees om the | nsted States «Macks. Himnan- 

s and Nate Amencam oo morcaung sighth m NSAI 
feeds and very rapedly) m the wxcual wuemces (Soe “SAI 
Human ( apetal Dio chapment ( ceatenued | ac cnmess Across 
Uemograptx: (oroaps | in addston. the nuaher of dogrocs 
carned Awan Ameticam © mcrcaung sharph om the nate 
ral and sxcval aecnoes (Soc append tattle 2-2!) 

horegn wudents have morcased thee carned degrees m 
the wxcual vemos. Det emcee 198i have sharply docrcascd 
thew degrees m cngmmecrmng from | So metus. as des- 


epee ) pegner Eoucator ¢ Scarce and Engreering 


dramatically = other world rogrom. and fewer foreign stu- 
dents arc useng | So uninverwties fo cngmecring education 


Partcepation Rates by Ses and Race/Ethnucsty 
The Lnmed States « one of the loaders mm the world @ 
pron dong access to hagher cducatoom and ramas hagh among 
the map industnahzed Countries om the proportan of ots 
poapulatan with an SAE hactground Thew nateomal states: 
tes, however. do not apply to all fickds of to al) mumoenty 
grou in 1995. for the country as 2 whole. ower 52 percent 
of the college-age populates had Compicted a hachetor 5 de- 
grec on some feck and owe: § peroem had carned a bachelor 5 
degree m an NSAE ficid Bat om that same year. only show 
1S percent of Mack and Hrspame vouth carned a college de- 


assed om more deta! Welow The capacity to oducate cng- gree. and only shout 2 percent of Mack and Hespansx youth 
sccring Mudents at the undergraduate leve! has increased carned a bachelor 5 degree m an NSAP fickd In contrast. Awan 
S&E Human Capital Development: 


Continued Unevenness Across Demographic Groups 


Hegunmeng im the cart) | 98th oncreaseng numbers of 
aornen and memories entered | S higher education For a 
decade the broadened entry of these groups fucted the 1 - 
pamwon of cnrofimen on | S higher educahon and heiped 
offset the trend of a decieming | S college-age coheet How - 
ever. thes hroader aooess and increased enrollment m hagher 
oducabon dad not cancurrenth result mm larger numbers of 
SAE Gogree compiebans for women and manorrhes im ai! 
SAE treks at all levels The pattern of partcapstan ms stran- 
ect on overall cnroliment than in completed SAE degrees. 
stronger for femaics than for maics in all underrepresented 
TENOTTTY grOwp. stronger at the undergraduate than gradu- 
ate ‘evel. and stronger mm the natural and socual scoences 
than on Computer sconces and cngineenng 

Wemen. |r the last decade women achieved a higher 
rate of growth im undergraduate carolimemt than men. 
partcvlarty women on menor) populshons Women now 
comsttute “6 peroent of undergraduate cnroliment and 
an cven hagher percentage among minonty populstans 
Women of every receal cthmx group are mecreasinghy 
choosing mayors on the natural scrences ana social sc:- 
ences At the bachelor 5 level. women now carn over half 
of the sacsal sceemce degrees and almost half of natural 


scrence degrees. rm = -t, women are lees fully repre- 
vented at the grad |, om 1995. they accounted for 
38 percent of total tc cnrolimemt Women carned 


the majornty of m. degrees in the sacsal scrences 
and 4! percent of the masters degrees in the natura! scr- 
ences Women are icast fully represented at the doctoral 
level While women cars half of the doctoral degrees in 
the scv.sal sceemoes anu 3) percent of the degrees mm the 
natural sceences. they carn only 20 percent of the doc- 
taral degrees in mathematics and computer scrences and 
less than | > percent of doctoral engineering degrees 


( aderrepresented mumorimes | he trend of increasing 
cnrodiment in undergraduate programs by underrepresemtod 
muanorrhes has persisted for ower a decade and acocierated 
on the | 990s. parpcularty for Hospame populations Whuic 
manonty groups imdacate high asperatons to study SAF 
(as measured \ freshman imtenbons) 2 substantia! fal!- 
off acourn between freshman declaration of intent and ac - 


tual degree completion This fall-off is greater for 


underrepresented munortes than for the mayonty papula- 
bon Women and mamornty students are more likey to re- 


port a need for remedial work om mathematcs and scence 
than the mayortty male populanan (Chapter | further drs- 
cusses the large gap between mnonty students and the 
overall student popuiston un number of scrence and math. 
ematecs Courses taken | There has been modest progress 
om menonty partcepston im S&F degree completions From 
1975 to 1995. SAE bachelors degrees carned by manor- 
bes uncreased from 6 to § percent of total such degrees 
(U aderrepresemted minortes are around 28 percent of the 
college-age cohort ) Only about 2 percent of the )4-vear- 
olds in underrepresented minomts populations hold a 
bachelor's degree m NSAF jess than half the rate of the 
mapanty whrte papulabon 

Progress for underrepreserted minonties in S&F 
graduate enroliment has been very modest In | 97S they 
accounted for } 7 percent of SAE graduate cnroliment. 
by 1995. they accounted for 5 0 percemt Minority stu- 
dents are underrepresented in SAFE graduate degrees 
They carn 7 percent of the master's degrees in SAE ficids 
and bess than ‘ percent of the dactoral degrees Women 
on these minonty groups carn the majornty of these de- 


grees (See NSF | 996f for desaggregated degree data by 
sex wrthen cach racial ethnic group | 
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Amencams. representing anh 4 percemt of the |S pogula- 
ban hawe Comaderzity hugher than average partac qnaton rates 
almost 40 percent ottamned a bachelor 5 degree. and ower | 2 
percem carned such a degree wm NSAE 

Recent partaspaban rates do show scene pragress toward 
more drverwty om hagher education m general and m SAT 
fockds. compared woth 1980 and 1990 data (Sec teut table 
2S) Low parboepston rates for Macks and Hrepamecs changed 
‘tthe throughout the | 980; although they emproved comsed- 
ctaity wn the | OH, partecularty m the saceal acoemoes In | 99S 
18 percent of the LS forsale populanor carned an NSAT 
degree. compared to ) | percent m 1980 


U.S. Students Studying Abroad 

4 recem study tnghlghts the core chements of an micrna- 
penal education that will be omportanmt for Amencan vouth 
preparing to work in the global coonam of the 2! st century 
(IE 1997) Referred to as “transnational competence.” thes 
educabon involves a combenaton of cultural and techmca! 
stalls omc hadeng 


@ knowledge of commercial. techmcal. and cultural devei- 
opments om a varecty of locales 


@ understanding of jaca! customs and negotiating strategecs. 
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© facelty woth Engiesh and at least ome other major language. 
@ faceht, eeth competers. and 


@ shall om techmodagy and ga arenes of then different cultural 
vOmmtcits 


The 1 nated States has tradrponalhy heen wcak om peo sd. 
ung foreign language mmetructon More recenth however 
UmIVeTWhes arc impr img undergraduate cducatran hy at. 
tempting to pron de meanengful imicrnabonal cipenence as 
an imegral part of courscwort (Sec Internaponal f nguneer. 
ng Programs mm the | meted Mates | Whole there are no na- 
nonal data on the short-term vrets comducted under such 
enhanced undergraduate Curmula the oumber of courucs 
taken for crodst overseas have morcased ox buding engineer. 
mg Courses (Soe teut table 2-4 | 


Graduate S&E Students and 
Degrees in the United Stz'»s 


Enroliment wm LS graduzte SAE programs gree for a)- 
most 20 vears. reached a peak of almost 440.100) students m 


1993. and then began to shrmk From 1975 to 1993. the total 
nummer of students on gradustc programs increased stead! 
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img cummier of tudents Comtinucs to cnret! m the «xual and 
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shomed after |} 94) Trends diffcr when CVLatmeneng sulfickds a 
ce at the natural woctocs sums that graduste cnroliment 
mn the ptrsecal scecmoes has decrcascd «wtrle corofimen m 
the beodagecal xecmoes has morcased (NSE | 98h) 


CTW: » ng 


simost 4 percem annually tram | 49> * to 


and Citrenshp 

Whole there are fowe: gradustc tudes mm wren a 
cngencerimg. | S students tele ate 4 more Oncre group 
than «nthe past in 19°") women copececnted anh one-game 
tcr of SAL graduate carofiment. ty 19"*S the, acoownted for 
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Master's Degrees by Citizvenshp 

Vasher of master + dogroes  coturensiep shows 2 com 
totaataem ot the tromd toward 2 lange progewtaan of degrees 
guemg to forergn students © cagemecrng mathematns and 
the commpeter wecmces fn 1975S fowcngn students cormed 2! 5 
percent of the cngemceremg dogrecs and |! > percent of the 
math and coenpeter wecmce degrees By 1995S forengn ropec 
Rtsteom af the masters lowe! was |) 9 percent mm emgemcer 
my and 4 percent @ oth aed competer ween (Sex 
sppemaies talc 2.28 | 

Hhomever. the rate of growth of overall WAL muaster + de 
groes o@tarned  foccugn seadents shoe’ wence hat m tic 
1WO 5-95 ered promanh boca of the levcleng off m tieew 
carned degtoes m mathemataxs aad Compete: xcomces There 
+= vet go cvudemece of dochemeng surnters -¢ cngencering 
degrees waarded tw forewgn tudents. coven though foreign 
graduate coroliment m cagemecting decreased from 199) to 
WS and leweted off m 1998 (Soo Irae 2-15 | 


Doctoral Degrees 

From 1975 go 198S Ge ceemiter of SAE doctors! degrees 
granted m the | ested Sagtes was rchetrveh etalke After 1 ORS 
heswever. tac mumnteer of wach dogrocs grew. roacheng over 2h 08) 
ty 1995 (See fogure 2-16) Lange mcreaecs @ the seenber of 
carne’ degrees cccurred mah m cngmecnng. mathermatacs. 
amd Computer scence «Ther nummer of degrees m thew fick 
neath) dewhted from: 1985S to 1995 Natural ecocmee facies 
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grooms te US Cturem acraged ont | 9 percent annually 

Wiethen SWAE feckds. (he propeeton of doctoral degrees 
carned mm lS umeverwtacs by forergn cotizems chemined from }| 
percent m 1986 tw 4° percent mm 1994. @ hes sce eg 
ewe! off (See fogure 2-17 ) Fowengm etundemts form Chena. In- 
dua. South Korea. aad Larean have plaved a comtral robe m thes 
growth in 19¥5. forcegm doctoral rocopecnts from Gao four 
\uuan coomomecs accounted for $9 percent of all SAE doctor. 
ates carned by foeengn stuadents (NSF 106d) in 1995. thee share 
Of NSAE dogroes carmed Dy foreugn stucdents decreased shaghth 
&) 4 percent. mum) duc 8 a doce m doctoral dagrecs carmed 
mh South Korean and Lareancse stadents Both of those com 
omecy hah acc mp Contributors of foregn gradustec au 
dont. om the | ete Sates) fave eacreased thew meer! capectty 
tow graduate chaaton m woctke aad cngumcenng. cadence’ 
o™ the eA TCawny suenier of mountry datoral degree m thiow 
fochdhs (See append tale 2. | 

Even as Assam students entered |S graduate programs 
rovued qumicry. Assan unrverwtecs were cupsmdng thew oon 
da toral degree programs m SAE fecids Im fact. the Teo piee- 
nomen: arc related The Gewere to oxcteasc thew «e tthen-<oun- 
) capecety to educate thew students (rough the doctoral 
svc Toquered senaing stuadents shroad as 2 aay of prepanng 
more WE faculty for cxpamded graduate programs either 
\saam cmrvetwtacy in te permed | FES-OS the Assam effort to 
revene &dxtocal (rameng om LS amevervtecs eas partecudarty 
mtn. as cvadenced an mcrease from 2.87) corned &- 
grees mm 1989 tw 6.229 oe 1M The anneal rate of growth @ 
carmed MAE doctors! degrees during thes permed eas over |” 
percent The rate of growth ba slowed comadersity m the 
ast few yours. however 

Snadents fromm Assam [owmtrees are focomung lew depen 
dent on |S amrverwtaes for thew doctors! rameng After 199) 
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the anes! rate of mactease m the number of carmed SAE dx - 
tons) degrees @rthen Awan ummerwiecs greath ciceeded the 
growth om degrees carmed Mh) Assam forergn students artien 
LS ameverwtees (See figure 2-18 ) Whale PRD peeducton 
a SM&E feekds ms growing ot 2 faster rate m Asean countess 
than mm the Lnsted Seates. « should be soerd that the bese 
hower In 1995S. toeal doctoral degrees mm SAE corned @ on 
Assan countries guenbered | 5 1) in thst samme wear. S ap- 
verwters prodeced over 16.000) doctoral SAE degrees. over 
» 00s) of these degrees were carmed by forergn students from 
Ase (NSF 1960) In 1995 the summer of doctoral NSAE 
degrees carmed from urnerwics either fowr Asam econo 
macs crceeded the nurmier of wah degrees carmed by Awan 
foreugn students wothen |S umrversetees (nb) for Tarwan do 
US -carmed NSE dictoral degrees outnumber those carr.cd 
withen Tareanese amrverwtes However mm engawenng ( hema 
tratea amd Sowth Korea whi! otan more dex toral degrecs froen 
SS weeverstees then from thew home country anrverwtes 
{See tout tate 2-9 ) 

Besadies prow sdemg dex tors! trameng % foreugn students from 
Asma |S Regine cxbacaton ms ahve lemked to cxpamecn of Asan 
vapecty om SAE ehacanor through omantutaon Surking | cad 
img research umrvervetecs im the | noted Sesecs are ads reeng de. 
vebopeng Countries om thew dewgn of hagher edhacaton m scarce 
anc engmecnng for cummptce the Views fenetts imstetute of 
Techmotagy fas accepted an agreement to create a scent 
research umrversety om Vialavss (Sake | OO") 


Stay Rates of Foresgn Doctoral Recaprents 
wn the United States 

( om! 1992. around half of the forcygn stucdents who carned 
doctors! degrees m SAE m LS umwerstees planned to lo 
cate m the United States after completing thew degrees A 
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amihy wmalhc’ Progeetteaan (ome (heed) tocened farm of 
meted Mates for acubemmn of cadeetres 
pee ment fhe peugeorteon of torcugn doctors! rocepecnts 
m thee | meted States and acoepe firm offers 
wal rogeom Students froen 
\eag ark whe ate fee Gee! Geers. ore tee ect 
the | oeted Wate: Ip comtrest. of the lows oe 
mheomts from North and South \neeracan countrecs 
‘te “2a mm Px Teter! Slztc. 
he peered (9) -9) the peroentages of foreren SAL 
rermaaem om ff | aster’ States 
™~ oeroemt planed & kecwte mm fe | meted 
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’ Ss. PETOCHRE OF NET (8) ( bee SAE Gctorel re 
peor S ameverectecs fed form phen: to can By 1998 
| Peroent of the ecarhy } 08) C hemese SAE doctoral recep 
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meted Mates The ameabertving cause for thes shift m the large 
nurnmr of ( hemewe stuient granted permanent rosderec sta 
m ter (| meted States me 199) fod bows urng ( Pema s respec 
wwe Gemoestratrom fp |S stutents from sectected 
(Ountrres on fb eroge aie omcrcesed thew stay cates after com 
pictimg advanced WARE degrees from «2 | Ss aerwerety beet 
thew sueteers are w sal! om comparnon t» Assan countries 6 
from the meted A cngriom and ~* fromm (sermary (See ap 
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Among Asam cusstrecs. ( heme anal imehes agpurcmthy func 2 
mutes Capt) t) pros ak fegh-iceve! cmpkament fw are 
namners of returneng ro upecnts of dkeatocal degress im wart 
aml cngemcetimg fn 1986 5° and 89 percent. rowpectnvedy. of 
the | S NRE doctors! rocepecnts fromm those comntnes choose 
b>) CEP Comper macnt om thc | meted States ( Soc appeneis: taitic 
+”) in comtrast. only 24 percent of 1986 doctoral rocepecnts 
from Sowth Korca and 25 percent from Tarean acopeed cm 
phovment offers m the Lnetced Sestes The tend @ the 1h 
has Peer foe fewer dha toce! re. ecmes fromm thoxe CoOmoenEcS fe 
rermagen om tic ( meted States Roca of @ ithen-country cmp 
mcr oppetturmtas the = parteculerh truce of South Korcan 
cngimecting Gators! rocepecmts (Soc figure )-/9 | 

To a large cutemt the defimetc plam of foreygn SAE dx 
ore) TOU pects &) rormaen om fhe | meted States rovodve arourad 
Pertake toa) sfual) catfect than crupksrmecnt Hetecen | 485 ana! 

WS wrndes whhaals frown the five Coomornecs with the Larges nur 
mets of force Goxtocs!l rocupecnts cotcd furtiner study as thew 
mann foam to stay m the Lmeted Sestes (58 percent) fol 
owed hy cmpkament m RAD (27 percent) tcacheng (7 per 
vont) amd otfaer profewecna! crptos mmeent (8 percent) ( Sox tu! 
tute ©. 10) 

\ recent study of forergn doctoral recepeents working and 
carmeng wages m the | meted States (Fenn 1997) cows that 
aheat 4° percent of the foreugn students who corned SAI 
&xtorates me 1) and 194! were working m the | nsted Sastes 
m 19S The percentages are hagher m piywcal scoences and 
engmccring. amd arecr m ‘he Ife w scmces ad excel comers 
(Sec chapter |. “Seay Rates of Forergn Recopecnm of 1 § 
PR DS) tow stay rates differ more by country of ongin 
than Ph deception Rowwever Thc eupporrty of the 1990-9! for 
cygr SAE doctors! recopeents from Indes (79 percent) and 
( heme (88 percent) were «tl! wortieng m the | meted States mm 


Figure 2-'9 
Assan recapeents of NSAE doctorates from U 6 
revertites ait? frre ptans to stay © the United 
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7 In Contrast. onh 10 percent of South Koecaum whe com 
micted engemecring datorates from 6S uneversttecs im | 98D 
“ were acing m the | meted States m 198" (See angered + 
tute |. 38} 

The warm Mead) kekod af forergn dactoral ro. ppecnts fromm 

Ve 197) Peon estemated that 4° percent were working m 
the ) oeted States em 19S ane thuat thee stay rate for that group 
hua! fhactuated around “) percent during th: |S wears loodsng 
up te 1995 There = so evndemece of agneficant act return 
Magratvon of these wecieets 24 engumeers after 10 0¢ IY weary 
{ work cupereenece om the Ltwtest States The docs aot mcer 
that there © mo sagmefscant rene megrateon. m fact. wach mp 
grateon m known to coour (Yee “Revers Flow of Scocntests 
aml tngemeers to Asse later mm thes chapter) However, the 
fel) comstant «ay rates mdecate that amy temdency of the 

970. ~) codmorts to heave the L aeted States after gameng wort 
ewpernence here fae feen largety offset by others from the 
ware Codserts returneng te tie | meted States after gueng shroud 


Postdoctoral Appomtments 


Pontckacteral rewcarch powtroms om «cectce and cngenect 
om on lS amrverwiees mercased § percent annually fromm the 
mad (OS arnt oeteracd thes rate of growth ante! | Vow 

i the growth om the surnier of postdxtors! appoentments 
whech reached simowt 26.000 m 1'9O4_ can be accounted for 
hm the Copeman of rewarch performed  annecrtec. and 
the (omootmetant morc mm carned doctoral degrees From 
19ES to 19. funding of research performed hy LS anever 
vtec om road at she §$!) hello a veer m Comtant dollars 
fron 2 base of $10) Dellsom (Soc cheapecr 4 ) However m 199" 
the rate of merease om the aarketelrty of pentchactors! apgennt 
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mene showed comaderam, droppeng to only | percent in 
that vour RAD expendstures for unnerty -performed re- 
vcarh ab stamlized 

During the permed of raped growth m SAL postdoctoral 
appomiments foreyn students carned an mcrcasng proper. 
team feth of dkatorsl degrees and of wut oquent postdoctoral 
appomtments from |990 to 19 0S universes prow ded 
vinghth) morc than half of thew postdkxtocal agpomntments to 
noel S ctvem During fe pered the growth rate of do 
mown Peatckatoral appoentments was shout 4 percent How. 
ever teke the recent deciene of foreign graduate cnroliments 
m “rence and engmmeering @ LS aneerutees ence 1993 
there has been 2 sioghthy emalicr proportion of forcign 
premtckatoral apportments gad a viaghth mornewng number 
of appexntments to lS cotazem. particularly om the sconces 
Forcrgn pentdkeactorsl rocupeents etal! recenc the mapority of 
such rewcarch possteom wethen | So umiverwiecs mm engineer 
ome (Soe appende: tate ). °° and chapter |. “Rewdectorste 
\pyexntment, | 

Miotvlety = a characteristx of pewtdoxtoral rewcarchers 
throughout tk worki however forcygn xocntinets and eng: 
RECT. fopPrecn approemateh 4) percent of the pontdke« tora! 
pean om the | meted States the | meted Aangdoen and Prance 
havc a hegh percentage of foreign pestcia torstes ay eel. ai 
theageh tte nemmiecr of pewtdkators!l pensteoms om thew (oun 
trees = mech emallcr in addition. Japan « attempting to 
wmprove the quality of mts Dasa rescarch # unrverwteces by 
offering more postdoctoral felhow sheps for both Japanese and 
trem deactoral «renters and cngmerts 


Foresgn Faculty in US +igher Education 


Chee odo ter of notelety of SAP perenne! m the workd 
vs the prog ate) =f Sorergn-horn faculty m LS hegher edu- 
cateon The Unsted States has beer 2 magnet for tramed «x>- 
entests and cagmmects Pecause of a well devetoped ccomorm 
atc to abworb hagh-bewe! pereomme! (See chapter} “Forergn 
Born Sceentests and Pngemecers m the United States) Thos 
sectoon reviews data on those SAE faculty members m four 
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aed 1995S. despre many changes ts coeditions fer 
specific SAL fieids. (cra!) ancmpim mem rates for 
<amce and cagencenmg (SAE) Ph D -moiders went from 
© percemt te | S peroem foe recom PR D rocupecnss. the 
amp Tac rake gree from | ~ wo | 9 percom 


@ Oeil) 14 perceat of receat SAE PRD. recipicats 
reperted sertiag ta a wee SAL pod thal eas sarctated 
te thew fietd Had o@ fx proqeortoes reportemg that 
they ecTs omotuntanh eorkung cutsade of thew fichd tr 
doc optames om ehact rocemt PRD graduates fowed « mow 
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© Sienest |) mules prep: «uh 2 bactrtor s degree oF 
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om SAE occupations. folloecd b) computer and math 
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tec eames of scacninsts amd crgumecTs acarmg (radeon! 
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amd aatoomal dctems<c tran Ue asthom + future s< ocmtists and 
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status amd offer Characteristics of recom St gradasics Can 
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in 1995S. thee hoginest emodhan anewal salaries of recent cot- 
soge graduates conpbowed full tame ecre carmed Dy Uome «th 
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About ome out of four recent SAE bachetor + and masters 
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study SAE muaster s degree recepeents acre mowe hkchy thar 
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of saad) Appsoammasct one-half of all masacrs SAE degree 
recapeemts bat omy 2 fifth of afl SAFE bachetor 5 recopecmts 
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Emptoyment Sectors 

The pervate sector os by far the largest employer of 
recem bechetor’s amd onastcrs degree recopecets in 1995. 
$9 peroemt of tractncbor 5 Gogree recupecmts and 47 percent of 
MERSRCT $ Gogres rec pecmes wcrc cpakwed © a PET gee for-peot © 
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cm outraged gradustc raomemg m ~ocace through 2 aummicr 
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wuteadkc of thew Gogres feckds rose slaghth. from 4 0 peeoent 
m 199) w 4) peroeet mm 1995 These aggregate aembers 
masa Teach large Came @ lhe marict combtwes §=6fhoeh 
mtn a meget 6S then andr wheal Orc updencs 

\bow: cad: whaals @ fo Commpicts am SAE Ox towee we we - 
™ P More Can pew cad copho mere of oy goed sodas 
Thc tm a! amd prodicrm-sods omg shits make them Ragihy 
Compas ate et Te o_ertumet. & Go Me Nee of cork thes 
amt ami hv eftath Gas Amc fore Tae’! 5 emgortat & 


Por. Geer Qtek Gece ae ( 1 SE PLP oe 

Ter am gee eer Ge eer Be OF) md OO Sarees of De 
wee Reogecee SMM 2 feces Nate Socom buen SS) ce 
o of @xcore fonder, Pom |S anmeuneem ap we ap So amd Oe Chor 
tated Maced: amd t agpemcer. Sages Cama Sewacm MEST AT) aacgrend 
ec ef? .teee Qu Tom tk SI uml ee aay NW am. @x No 
meme Sarwcy of ( offing: (mies ond Ge Namal Sarwes of Rocene ( oF 
oye (ec mduac bor more mtorr or WR ee otuger 6 The Soares 
Natur Proteome ant ( amguratecr. 


ONeapte ) Soerce arc Engeeerng Moretorce 


them for Gast roasom ao sengk mecasure can wcll dowrix 
thc Skt ladeow cuarict Soom of the ne ashaitic late marict 
man shoes are dew used Pek 


Unempioyment Rates 
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CCM amctepeos mecet ratc foe all Cn inan worker. and ms only 
siaghth, hagiect tam the | $ peroens rate for SAE doctoral re- 
cupecets im several fockds. however. ace PR Ds faced Regier 
uncmpen mace rates 4} percent m clacmecal cngmocrung 4 6) 
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Tenure-Track Posrhons 

View SAE PRD rocepecets Go aot work m@ academe 
Soe “Hee Tradkteoma! bs ap Academe . acer” dat ah 
we chapter 5. “The Academe Doctoral SAE Workforce 
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How Traditional is an Academic Career? 


ht kas hong been known from the Survey of Doctorate 
Rev gpecnts (SDR) amd other labor force surveys that a large 
mmaporyt) of doctorate lewe! scucmiests amd cmgumeers, af amy 
ome poem! @ Gime work outsade academes The 1995 Scr 
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doctorate-hoiders in 1995 were cxther currently is 
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teachers simce recerving thew degrees There is less 
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scvences. where majoritees report sever having bevn 
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employment w academe ft 5 abso notceorthy teat coer 
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cowet fer tev than half (48 percest) of the federal RAD 
tetal The DOD share of federal RAD spemding has been 
dochemg Sead) smce the aod- 198 in 1986. w Ox 
hoagie of the defemse Quskdup « accowmied for appron- 
natch Teq-thards of thee total 


@  eperatrn« RAD © ee af umpertant tool we the ée- 
‘chopmecet sed kv veraging of scorece sad techecteg) 
(SAT) resources There has bees 2 major epswing in 
‘th semmier of smter. amd imtra-sector asd mmitrestional 
“4. | partecrvieps stece the cart) 1960). bor crampic 
th santa Quiet of ace roscarch poem ventures has horn 
gros ag @ Mos vous woth the largest morcases acce- 
romg om 1995S and 1996. Deungeng the total seemiber of these 
research Codlahoratoms up to 665 by the ond of 1996 


@ [he mcrease mm research pent veeteres aay reflect. te 
ome CLICRL COmpaners particepstion tm the | S De 
partmeet of ( emmerces Advanced Iecheotegy Pro 
gram (ATP). Betecen |9) and 1996. more than §) bel- 
som om puta and prrvatc funds ecre anested m 285 ATP 
meogents ATP tumdimg was Cut substammaihy un | O85 


@ lecheeteg, tramsicr activities became am important 
manwes (ompoecel of federal Labersternecs im the iste 
198 \ thoagh more than } SOD) ace Cooperate rescarch 
amd Govchogenent agreements (( RADAs) sere cuccuted 
hetwoen | 99) and | 99S. gowermmen! agencecs aoe socom 
he Nackeng geay from these collaborate rescarch #- 
rangemments The lS ( cumes om Automotrwe Research 
hotter known as the Clean Car Agrocencet of the Partner- 
sheep for 2 New Gomeranon of Vebocics cuccuted 3) 
CRADAs m 1995 


@ | be cimemanen os 199 of the Iecheetegy Retaves- 
ment Propect affected DOD ~dual-ese” trategy of pro 
Geng frmaectal seppert te the pre ate sector to éevetep 
and dephes thaw (echpetages sith heh spphc atoms 
om beth the comenercial and military sectors | hes prose” 
eas roplaced om | 997 by the couch smaller Dusl-l « Ap 
Macsbons Program 
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@ Ibe | aited States accounts for reughh 44 percent of 
the wedustrial wortd + RAD wv estmest total sed coe 
timers to cutdisteece. by more than ] te |. the total 
researct inestmecet) madre ty Japan. tec wecend tare 
est performer. ‘ot omy cod the | meted Mates spend more 
moncy of RAD actrvemes m | 99S than any other commtry. 
« alee gpemt acarly as couch by ooclf as the row of the 
major wndustnaiized “Group of Sewen” (G-7) commines 
doer, tah. and ( amada However. @ term of nondefemsc 
RAD spemdung Combened cupendstures om these 21 Cows. 
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tres crconded momdcicmu RAD spemiding is thx | nod 
Mates by |S percent 


@ letal RAD cipeadmercs Magnated of dcchacd te cach 
of the largest RA D-perferming coantrers im the cart 
199s, bet bas stave recovered in the | atted States and 
Japan. There was 2 worlds adc show img oo RAD spemdong 
om broth large and wrall mdustriahirod Cowmtncs mm the cart 
1990s in fact. mnflamon-sdyusted RAD spending fel! for 
thece comsccuwtive yours (199). 1993. and 1994) m= both 
the Lnned States and Japan Among the (> Commtnes 
omy the Lamed States and japan showed an apparent rc 
versal of thes wend mm 1995. wath the total RAD cffort 
resamg by 6 percem m both cowmtnes (mm comstart dollars 


and Comtant ven. respect chy | 


@ bn the | nited States. the recover) om total RAD spend- 
tag aed its RAD to grew éemestx product ((.DP) re 
te ms the resalt of mcreased cipreditercs on neadc 
fease activities. The | S RAD GDP ramo has mched back 
a to 26 percemt om 1997 from as 16-year bow of 2 4 per. 
com m 1994 The 19" nomdcfomse RAD GDP rano ss cs 
tamated a ) ) percent. 2 hestorsxcal hagh 


@ RAD sipemdemg oe the Kasssae beter ates aed in mam 
of the former commenrnt countres io | srepe reman 
Comudersth brice beets on ptace beter: the retrodex 
then of market ecomemirs. RA!) doe murmy and ow 
turung of ctacdetc state se med i gemeraih mebtarn <mcmicd | 
cUheTpe mes ac aeCowMET) to cetattesh vuabie Commenercus! 
and socenfx R&D mfrastructurss @ thew Commtnes 


@ Wertdurd: changes ws the RA D landscape are prevent. 
mg fervcremeets «th eapsraticied msec of refeces 
img perpese sed direction im SAT policies Ucfconw 
RAD has been suttantalh rodeced mot omy om the | med 
Seates. but also om the Unmted Kanpdoen and France. where 
the nations! defemse share of the gowermmenm RAD weal 
has Gechmed from 44 tw 4!) peroem. and from 4) wo 29 


peroeml respectrwrhy 


@ \meoag seadeicase functions | S (.ecremreat RAD 
spending fer breath = far greater than for am other 
activity. Fram |S) tw 1998 health RAD = cupected to 
grow ty 26 percent (mm comstant dollars) utmic funding for 
ofl other nondecfense fumctaoms wyl! grow t pest } peroent 
Health programs nos accownt for | § percent of the LS 
fexters RAD fumdung weal The greatest grove th sm AIDS. 
rotated research 


@ “Mag countries have pet omte ptace fiscal mecee@tres to 
wmcrease the oer all bev ci of RAD wpeeding nnd to strme- 
tate tedestrin imeovetion. Practx cl ») industri’ 
Commarres ( enc hademg the | mated States) ales industry RAD 
expeadsturss to be 100 peroest cupemsed m the year the 
are mowrre:, and shout half of the Countries ( mchadang the 
Ummed Statics) prowsde somme type of addponal RAD un 


sae nesee 40 S ae reer-atore fesearct ac Gewsoormert § unas a Aberces 


code Prom 1930 to 1996. S aadustry roconed an o- 
muatod $) 2 Mellece theowgh tax .rodsts om mcromensal rc 


scart and Cipermecniaion capemitures Abou |‘ sisics 
offer adkdmonal RAD ua crodats 


@ indevirial fires mecreamagh are emg global research 
partecrvhops te Mrcegtbes core competeacers aad 1 
paad iate techmebegy fietds (runcal bor masmtasmeay 
moartct share. Sen | ORO Wommpamecs wor kte nde Rac om 
tered mmo over 4.000 inoen muin-fom RAD alhances 
CRO ung Mratogx bagh-tectmoiagy actrees More than 
oactterd of these alhamoes were betecen |S firms and 
twwopeen of lapanese frm Most of the allammoes were 
vtTeated to de chap and shurc nformataon technolagacs 


@ Setviaetial RAD wnestmeets are made hh |S com. 
pastes overseas. From 1985 w 1995 US fiom enece- 
ment m overces RAD mmcrcased thee tomes faster than 
ded Compan -funded RAD performed domestacalh 1/0 | 
percem verses } 4 percemt avctage ammusl comstant-dodlar 
groett: Equnaiert to show 6 percem of undustry § do 
mostx RAD tumdeng om | 48S overscas RAD noe amounts 
to |) percent of LS endestry § om-chore RAD capemd- 


Roescarch and do chopmem (RAD) appa to te feomeia 
ow from t& coomemmax geosgeeret, of the ond ICR Baw 


owes atc theres ong. pots are boeng crested and flan scoms 
~ umder Comte! A rooom! upreug m RAD send @ 
™~ | ated Mates ms paralictong thes and ofixcr powine cco 
wma trem The annual bevel of RAD cigpendtare 6 ce 
nated bo unc reached 2 rocosd-scttang fagh @ 199" crcoeheng 
S218) Deleon foe the fort tem bn addon the craic of growth 
© RAD eecstment rs the Pegihew « has oem sence thre carl 
48s 2 ecko: Comtre to a pcre @ fer carh | CGA ehien 
t tasked to hoep pace eth mfietne 
Bhat = Grom the rocomt RAD cupamwon’ ht ns oot the 
bodera! (ascramem. efech ms Comteneeng to Curtas! as sep 
mort ot defeme-rciated RAD actrees imstcad simow all of 
‘th auckTslor » Mirvac w wadestrial fem Samp 
“ated mam form ac rcapeng rocodd peofa@ts etackh ms creat 
mm 2 [wot matic . hemaic for OR Oe oA Boe 
The ceenton of acw aad engewed prodacts proccess 
ed seT\ ecocs fees 2 PeTV ese agact om the quash of bic and 
th staeedard of bn emg om the | meted States aed other onder 
shred "atom (lhough 2 aogiegitic porteom of the world + 
fouamcsal am. haem coro ss onotied m RAD advance 
montis m «acter and tochmodagy (SAT) offer deiner huge 
amd Cru ual payoffs mm tera of commemma grow th and prosper 
 natonal court). and the hoath and ectl-fheomg of wxcucts 
\ cum of aw tomds @ ( 8S RAD encomeet havc 


cmcrpod mm rccem! veers. mac badeng 


tres, Most (7) percent) of US -fumded RAD was per- 
formed wo basope = pewmardhy Ccroamy. the | acted Kumg- 
dom. and frame Pharmacewical compares accommied 
foe the largest endustry share (20 percent of LS 1995 ower. 
seas RAD) etch eas cgunaient to )S percent of thew 
dornestcallhy feuamced RAD 


© Setvisenal KAD) un csinecets are made ty toreege fran 
im the Laited States. From 1957 w& (995 wilflemew-ad- 
petted RAD growth from majorty-cened | 8 affthatcs 
of forcege firms averaged 12.5 percem per year The 
grosth Comtrasts fvoretdy wath thx amphaed } perce an - 
crage annual ratc of marcasc wm LS firms domme RAD 
fumdumg RAD cipemdeturcs m the | aned States by for- 
cagn Commpamecs atc mow rowghh ogunaiem tol S cam- 
pamcs RAD enecsamerst atbeoad German Seuzcriand 
the Uasmted Kangdoen Framce. und Japan collectively a - 
count for 7S percent of thes forcagn fumdung foreagn-fumded 
research m 1995 eas comcentratad m drugs and modacunes. 
omdustrial Chemeacahs amd chexctrcal oquupeneet undusines 
More than 670 foregn-<rened RAD facies are kacated 
m the | meted Statics 


@ = mxrcex @ RAD pertoemed @ the wr xe «Kor 


@ mm upwrtex @ state endeng om COpTatN: tochmotogy 
Prugranms 


@ cin ted pode! drsfturmoen ost the robe of the b exéeta! 
(nn crmment om techmodagy do chopencnt 


@ 2 musteuweneng of .olisheeatnc RAD cflorts «then and 
aToss stots amd eeth mmtcrmatscna! partects and 


@ raped growth » giotul RAD cxpendaure floes imchaderg 
the owe om LS eebestry ss woreces RAD erect os 
acti a forege RAD encament @ tic | ated Mates 


in addetaom federal spemdeng procrics tuvc fon grade 
aly Changemg Pressure to fakamce thee badget Coembened « > 
dete doe muremg | etach hogan @ the late | OR after the 
ond of the ( obd War) os comtenueng to rottupe sadetrual RAD 
axtrt.. redefeme the messson of federal lshorstorres. and re- 
Sac the growth rate of umnerety rescarch programs 

The purges of thes chapter os to track these and other LS 
amd onicrmatecmal tromds om NAT faecal on cotrmecre 


Chapter Orgaruzaton 


Thes chaapecr os Greendiod ante frwe parts The fort, “Natoma! 
Trends oo RAD bapendewres comtams mformaton om cect. 
af) RAD tumdeng wemds by source of support. perfoemang «x - 
tor, amd Character of work (omchodeng aghoms! an ctment mm 
hasan roscarch apphed rowarch and do-veclogenent) 

The sccond part. “RAD Pamerms ty Sector” takes 2 closer 
hom at cach of the RA D-performang «ctors RAD furdeng 
and performance by individual manufacturing and 
moenamut a tury emdustnc arc Ciamemed she ox bade arc 


Soerce 6 Eogreere eocatos - 


dxcuseom of RAD exvostmenm bh wre of compa RAD 
macnset> amd toderal suggest of aadustr performed RAD 
cul the mest rocem data om foders! RAD oftegatoem ac 
Aamo, ox hadeng statrtacs foe wade wha! agemcacs aed Pane 
cheweteod t+ character of eark The part comcbadics oath 2 
den useoe of foderal lihorstames rok @ aston RAD per 
to Ta « 

Tic therd part on dovuted to dommewian partmcrsiap and 
siiamces euthen and beteces sectors lope caxcred & 
bude ondestral RAD comsortsa tochmotagy tramsfcr act )- 
lacs. amd otter toderal programs dowgned to tumulastic poont 
roscarch actin tics 

inmcrmatonal RAD Comparer ac Cuamaned om the fourth 
hart fogemmeng ewh an amahvess cl atwadutc bevels of total 
and moedctomc spemdeng Country, RAD gross domme 
peowact (CDP) rates. patierms of sector-spocefic fummtemg and 
neTtormmam< amd unformateoan om the character of RAD ect 
umdertakon Woul comadcraitc deta: on gxvcrements RAD 
haw amd promihes  proeaded mxcbedeng 2 summary of 
rooemt peda emotasteves and frscal moentiees for RAD per- 
<u Tama ¢ 

Thc fofth part summarizes the groeth of micrnatronal 
RAD and technology alhances and the raped msc m mndes- 
inal RAD eecstment floes to and owt of the L maicd Sastes 


National Trends in R&D Expenditures 


RAL) emcstment om the | natiod States het a recoed-scttung 
ragh = | 9" rcacheng an cstemated $205 ~ telson Toes! RAD 
copendeturcs chamied om average of 4 5 percent per voor io 
onflatom-adpested dotlars) Ketecen | O84 and 199~ the hagh- 
o™ rate of growth rocomied semec the carh 198s In addon, 
RAD 2s 2 percentage of GOD? has also boon msang The rooeet 
pam = RAD en cstment marks 2 change fromm the late 
Vets amd cart) |S ehen there eas rclatncty hetic of mw 
real growth » overall RAD spemdemg (Sec fogere 4-!) and 
appends tabtes 4-5 and 4-4 ) 


Natonal R&D Trends by Source of Support 
and Performing Sector 

The Teo Guapo source: of femmes! sapgert for RAD arc 
omdustry amd the boderal (ascrmment etech tapetinc seapps 
apron emuteh 9S percent of all funds geen on RAD pertoemad’ 
on the | coted States The romasmemg § percent ms peowaded pr. 
mua he ame orwtacs and Codlgges and nongrof @ oegamazataon 
(Soc fqguees +) and 4-2 and appends atic 4-5 

in action to fomamceng RAD. oadewtry and the Poxicra! 
(nacTmment arc Teo of the thece icadmmg RA D-pertoemang 
sectors The therd = scademea ehech = 2 detert scoond 
odestry = trom of RAD perfcemarce fe 19. eadesers 
academe. and the boderal (werner sere rosgeomattic for 
spemdang 74 percems. |) percent. and § percent, rospectivety. 
of the total dollars enested @ RAD mm the Untied States Tuo 
other groups federal funded research and devclogencer 
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bet cs most veseitée m Gata ees emg federal sapport of RAD 
performed t wadestry Deeremg the perent 199)-9"_ federal 
RAD tumds supped So oadestry are cupected to show a 
crage ammual doch of } § peroeet m comstant 199) dollars 

Dectheing federal Seppert Fett Mew ty leaders |x ( wtivachs @ federal tramures! and federal support to aoe- 
dex tame mm overall federal RAD fomdemg ss reflected = de prof orgamzatoms arc cupected to average | 7 percent. and 
tor cach of the RA D-performang actors « cucept academe to af) FPRD + 2 S percent @ comsmene 199) dollars 
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in 198" federal RAD faends accounted for pest weaker ome- 
therd of afl mnomecs spent by Coempamecs to combact RAD The 
mans rOCeT Gata ume the vrwmiong of that progerton doen 
w an unpeocodemted [4 peroeme (ht showhd be noted that the 
tovberai uate of tic oadestr> total as foce shewnhung alo 
cottmmecusts sence at least 1970. bocause eadnary 5 own fund 
ome tus cotter outpaced of has mot dechemed as rapediy as fod- 
ctal wappert) \Mhough dcfce doe musmg som to Ac 
hor a hom) toll on eadastry RAD. « ss becoemeng axteas- 
ngh dffcult t wack defeme RAD floes ‘rom fevkeral agen- 
coes to edestry performers (Sec “Account fo Defoe 
RAD Descrepamces Betreces Performer. and Source-Re- 
ported b upemdteres 

The Curtasiment of federal RAD sort bas Rad 2 def mac 
nggatn<c ¢ffect on ovcrall aadustrea! RAD performance sum- 
bers somce 198" That the coteated 6 | peroeet average 
anmeas’ Govtemc of federal RAD sappert @ comstant dodlars 
rogeacted betacee 1487 and 199" partalh offset growth = 
obestry + con fumdeeg Garey Ge 10-yeur pera Ie 19 
toderal sappect of eadunary -pertommed RAD) eas an cstiemated 
$208 belleom down shout $8 bellsom frome the lowe! reported 
\0 wears carter (Sec fogure 4-5 and appemds talc 4-3 | 

\enwal (.roeth Rate Showed for \cademeas |) mer 
tam to cmgfaasarc that the semua! beve! of fexiera! RAD sap 
pert to acadiomnes has oot Gecieeed However. the seme! rate 
of growth o@ federal sagqroet has fore falleng fasrhy stcadkh 
im afl bat tee of the past Goven wears) The growth rate de- 
chee cam be attributed to cfforts to balance the bendget and 
rodece the defaxw ARhough acadicema ss the oh RAD-per- 
formeng stor mot to hawe cupenemced 2 cuthack m federal 
seppext Gurumg the |S bathe real groeth m cupected for 
|WaS.9° Whale the annual eve! of total RAD support sep 
ped cach of the five somtoes that fend academe RAD 
rose wm both current and Comstant dodlars (soc apgecmds taltics 
4-3 amd 4-4). afl the sources cubebeted 1992-97 growth ratcs 
thet wcrc stew half of bess than half of those recorded for 
the pec nos frve-veur permed 

Diowpetc the rooemt shows eng feviera! sapgqert to amrcretacs 
amd Coliges © otwnated fae oxcteaed # an erage - 
oma) Comstant~<dollar ratc of ] } geroeee tetecen 199) and 
1" bedastrnal sagperct os cstemated t hune hed the largew 
percentage scree Gurmmg that persed (3) percent) but fed- 
cra) apemicecs rogrstecred the largest stobute mctcasc (§} bei- 
hom) am sugppert of academx RAD 


Natrona! R&D Trends by Performang Sector 

bedestry. in the | meted’ States. best) fees abe ays Deen 
the overwincimeng loader = RAD pericemame in 19" heer- 
fourths of the total amount speet on RAD perfoemed @ the 
L ated Sates fmamced eork amdertaice @ eadestria! lshore 
tomes The total cont of that work os cstemeted & more than 
$150) bellsom fevieral agencecs supped appro ematch | 4 per. 
cont of those furs (See appemedn taltic 4-5 ) 

A sarge @ madera! RAD performance Gurcng thx mad 
(730s see ane! cupendetare mcrcascs oxtemasted af 6 2 per. 
com per vear on onflatoe-adpusted dla betecen | O44 and 
199" tee Regheest rate recorded samce the carly 198th The 


US exaserat RAD expences. by source of hen 
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Cipameoe 6 cmtrcth aftributaitc © Compansss cen RAD 
amoiment al ropecsents 2 turnaround froen the preceding 
theee- ver pend eter the annual kve! of ndestra! RAD 
outlays tasked to keep pace «ath inflaton (Sec figure 4-6 and 
appends: tubes 4-3 amd 4-4 

Nceodeamta. \W adorn 2 destart cord & exist © To 
of RAD performance. eth total cupembtures amounting to 
cxtcmated $24 tellbom. of | 2 peroent of the namomal total | om! 
1989 the academe ctor camkod hed @ weal RAD pertor- 
mame om the | meted States. aftr eadstry amd thee Pevicral (an - 
crmmene Sence 1953. bowwewer, Ge anal cate of Sree @ 
RAD performed  umevcreatecs amd collages fas been haghacr 
hae that of the Feicral Caowernemers (cucepe @ 1995) As a 
nove academe enttutaoms meso mio sccomd place m | SEV 
tether ender) (Soc four 4-6 aad appends tate 4} 

Academu has not suffered a comstant<dollar deci m 
RAD performance m more than Teo decades (See append 
talc 4-4) However. tic amma! rea! rate of growth has been 
decreaseng almost comtemmpowshy samce |986_ falleng fromm a 
mcar 10 percent mcreasc that year t an cstumated | percent 
change m both 1996 and 1997 

Most of the research performed oe unnvernuty and codlege 
campeses 0s funded by the Federal Gowermment in 199" _ fed- 
cral agemcecs pros ded am cstumated $/4 | telleom of show 
60) percent of the total Academax mmstitutom suppieed an cs 
tamated $4 ‘ belbor of thew own fumds state and kcal gos - 
craments and soaprof® orgamuratioms cach comerbuted $| § 
belbon. and eadestry prowndied $! 7 belbon 

Federal RAD suppert to academe has beer mxreesng 
comtummoash samce | 98) cwen after adpusament for mflatioe 
ARhough ondestry supplies fewer RAD dollars © amvers- 


Sor chaperr SS emacs! Qewearces for Academe BAD for oo pe 
uate of ameeereme smd codieges «cet Cum amd for Seti’ Qe eer 
¢ matems 041) ngemteerr Pom 
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es amd oofigges Compared to fe otfecr foe ematocs. & fees an 
even longer track rooord than the beuieral Coscrament of com 
tia growth om fc sappert of academax roscarch «6 treich 
mg beck © @ least 19° As 2 roselt. the properties of 
aoadema RAD cipemdeturcs sappiecd  ondestry fas feee 
resamg tasrhy stcadehy altfoeagh oadustry stell repecsents omy 2 
fracteos | > percent) of total academe RAD cap ect 

bederal Agrectrs. fouiers) comms meet mm ovata $6 
helen on etree! RAD) om 19” (Mio fecieral RAD omcers 
age met pert wm fexicrallh) rum taceitass, fet om offer wcctows | bod 
eral eras RAD a 2 percentage of weal satoe! RAD per 
fowmmamecx tus foer fallen forh aca wear Ge carh [9 TR 
wad was Geer & =p cote § perce oo | 

im real terms feviers! trae! RAD) ss of at) keer poore 
mee (98) became of cutbacks @ DOD letecmtores thew 
abs accounted for S percent of Gc tramae! weal @ | 8 
tet bows thom ball (48 percent) mm 1997 The moet reoeet Got 


es 


fare am outed Cees <dola che domes ts Y crc Ixtecen 
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R&D Support and Performance by Character 
of Work 


The (radbtacena! way & aah cc om = RAD performance 
oh) CVs Ce aout of fumed Goede’ & Na foecarch 
appheed sowcarch. and dewohopement (Soc “Defies (| Tho 
To ac Com Cmectt Pocus Da Corrosgeomd &) popeke oeoed- 
chy Gat dopat ee atom CurTng © 2 Mranght-ie progres 
on feoagh Gree tage ()) wacmfa Pecaktivougis from 


The Nataoral Scecmoc foumdistoe wscs tie fodhos ug 
dcfesoms @ as resowrce sacveys $They have Deen 
pace for severa! Gocanes amd arc sho generally) comes 
tem eth mecrnstaoms! dcf mice 

Basic research. The obpectrve of esx voscarch 
) gaan more Commprcticmiyc knoe begs of umiberstamd 
omg of the suport umder stad) thou specifk appiaca- 
poms m mamd im madestry basa reoscarch os defined as 
research that advances xocemfx imow ledge bet docs 
mot hae specific omemedaate Commercial obpectrvies. a 
though « may fe m fockds of present of poterisa! Com- 
merc nal mmecrest 

Applied research. Appl car » seme’ & ga 
ong the know tevige of understanding to meet a specif 
rocogmuzed aced fn mdustry appleed rescarch mx hades 
am~vesigatioms orvcated to drcovermg ace scent x 
kaos fexige thou aps speci Commercasl obgectrvcs eth 
TEMPECT Lo Prodkacts proccess. of serveces 

Devetopaeent. Dcvclopment » the sy temetan ne 
of the Lmoxe texige of wtaderstamhing gamed from rescarct 
derected toward the producto of useful matcriahs. dc - 
veRS systems of mcthods mchading te Gougr mad 
developement of prototypes and processes 

Badge: setherity. Hudgct pothornn 5 he nuthow. 


provided by federal lee to mcur fimancul obigsmors 
tha’ ell reset om outians 


recened amd sarmelar tramsactoms @criag 2 grven period 
rogardiess of wien fumcds sere appropriated of pay mene 
reguuared 

Ovtians bedera! cuties, represent the amounts for 
checks mswed and cash payments made Gurmg a gen 
pened rogardiess of ater fumds sere appropnated of 
obingated 

RAD pleat. federal obingatmoes for RAD plant @ 
Chade the acqurswetioe of comfructor of major repacrs 
to. of aterstacers om structures. works oquapement. facts- 
tes. of land for ase wm RAD actrees ot federal of 
moetederai mtaiiaoon 
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rel “host of that amoue ==$!) 7 7 belleom of $7 percent of the 
tote was sep by he Peuicral Caeser beh fiers 
pron wee? SS Pellsom of 2S peroemt of the weal, umeverwtes and 
colleges. 82° telboe, and moeprofit ongamezatioms. $! 7 bel- 
bom (See fogure +7 ad appemdin atk 4-9 | 

Academax Sector Performance. (though the foders) 
(ascrmment rs the hcadeng supplier of funds. the academax 
sector es the Largest performer of basa research. oath cupen- 
dtures totaling an cstmated $16 kihoe m 1997 Of thot 
amount $10 tellbon acre federal fumds far smaller amounts 
ecte wappiecd Py the unrersetics thermmeciv cs. amd Dy state and 
~.2) pS craments mxdutry and monpeol st oeganizatrom (Sex 
apoemdn tate 4-* | 

Fomamcea! segppert for Rasa rescarch performed m the aca- 
Sema SOCIO" bs GO grow eng 2s fast as ot dad om the bate | SEDs 
amd cart. (9 The mecrage amma! comstant-dollar rate of 
growth was an estemated ) } percent betecen 199) and 19" 
dean trom tie 4 4 percemt wcrage rogretered Gurung the pee- 
codeng frve-wear permed All five fuming sources contnbutcd 
to the shoe dowe mn cach cuhebetumg a lower rate Gurmig the pe- 
rext 9¥)-9° than Gurung 1987-9) The Gop ss partecuiarty 
somcesite om the largest sowrce of furdeng «= hae Fecicral (an - 
crmment. ft es cxtumated that berecen | 99S and 1997 federal 
fumdeng of basa rowcarch performed mm the academa sector 
barchy kepe pace wath omflatmon (Sec append table 4-10 | 


Sccomiamg & 2 cocemt a. cmt growed | peroess of te. «> .carct per 
formed @ Ge | cone’ Sates @ cagppered & ferns ee: 6 ater Be 
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bedastry 5 support of roxcarch Combucted on umnerwt) and 
college Campuses ha aheays Doon 2 small but grow my com- 
poeent of the academa rowcarch portiolo industry officuh 
have tapped thes rowurce met onh to realize the benef! 
results of the research they spomseor. but abo to capetalize on 
OpPpPortumetics to tram future wucmiets aad cagmects. mos! of 
whom will ome day be working m thew laborstomecs © inchs 
tral swpport can whe 2 summit of forms mchading hong 
Protcsers a comultants fuming postdoctoral pent ncarch 
amd of pros hing grants to andr wha! departments (( oumct! 
on Compettnencss 196) Although only a snail fractoe of 
academe bask rocarch ss famced bs mdetry an Cte 
6.5 percent wm 1997) companess support mcrcascd an cxt- 
quated § percent @ real teres betecen 1995 and 1997. the 
Mange percentage gam of the fre sources tht ford acadkema 
arse roscurch 

imcreasamg usc os bewg mad of umrversaty rescarch 20 fill 
gaps eft when oxhestral baw rowcarch ss cortmied cg @- 
@estry and umnert, perwomac! hve been collaborating = 
arcas of meistary enportance. ctuding lasers chectromas 
commputag. and maternal (1 S DOD 1996) Rewilts from an 
amma! lebastriai Rewcarch imsttute survey Comferm that ~- 
dustry = depending more aad more om academa roscarch 
cg. the percentage of respondents antcwpatng mxcrcaung 
granes for academa RAD rose from |) percent = 199) w& 
more than DY percent m 1996 and 1998 (IR! 1997) 

tadestrial Performance imtoo spent nm we 
mated $6.6 telhoe m company and federal funds of x 
rescarch wm 1997) about 4 percent of all mndstral RAD cx. 
pematures The vast maggots of these fumds were Commpanecs 
own fmancal resources. whch mereased an cstumated | 4 < 
percent m real terms betecen 1995 and 1997 (Soe appendin 
tates 4-7 ai 4-4) 

Tic gan om mdustral omecsiment om haa rocarch cst. 
muted for 1995-97 paral offsets a 1D percent deciome that 
tow place during the preceding fouwr-vear pened weiter «<. 
eral coempaness central rewcarch facthmecs were drwmanticd 
That peered martod the hegimmeng of a trend toward shorter 
term RAD and sea, from fundamental research large) 
“aren By the compettine cm woement and 2 motr shoe fo 
extract greater valuc jor ‘cflectreness ) from RAD aeves- 
ments (Larson 1997b) (See “Top 10 “Baggest Proticms for 
Technotogy Leaders ©) RAD ss mcrcasenghy berg comdbucted 
e then und wha! berseness umets ma COmcetied effort to peed 
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Top 10 “Biggest” Problems for Technology Leaders 


Tic imdtestrea’ Research imsutuec has beer save ing 
ots membersiap annually same |} to abeanfy the Deggest 
problems for techmolagy leaders (See text table 4-2) 
Results from the 1997 survey rank “managing RAD for 
™oomess growth fw. the meu hes mcreased m reizine 
mmpertamce to the insnmuac § members. ef ranked # fourth 
amd fofth m 1996 and 1995. respectrvely “Balanceng long- 
term short-term RAD obpectves focus” was sdemtrfied as 
the sccond mos anportam profiem every vear of the sux- 
Tog ‘0 “tegge st” cro®sems tor technotogy eaders 
Percentages cf ‘otal votes) 


wey cucepe 1996 (where « ranked first) and 1995 (thard) 
“tntegranoe of techmobogy plammeng «oth busoness stvat- 
egy” ranked thed m threv of the five years. The only acm 
ev wdemcung a notaccabie Gochne @ relate emportance over 
the five-year penod was “measurmg and empros ing RAD 
producteity effectweness” Unnl 1996, thu aem was 
ranked first @ mmporunce, m 1996. @ fell & s cond, and 
wm 1997. @ was camked seventh ow of the 10 prodbiem a- 
cas 


Sure ter = aed = — = 
Muciber of lot waporses 248 's ae aa P74) 
Maragrs FAO & tusress goo te ‘a $s wo 178 
Qaerorg Ong wet wer tern RAD oteectves torus el 122 18 21 “7 
gator of Chg, OMEng ef Kusress strate, 18 162 ra "2 130 
VaeoG crovtior “oer wee os ‘s $5 w3 
Management of gots @iD 3a 23 35 a5 ss 
_eeersne of RAD etter Me corporator 7 32 23 42 40 
earn arc moroeng @E0 crotuctw®y efectversss 2 % m5 ts 40 
RRO cortonc “anagenert 42 $0 a5 45 40 
Sete BRO ctercai) of externa, so 31 26 42 40 
rtor@h=or erro, wee ‘s ced ‘eA 3° 
eroart of ~aporsss top 'O 25 ws 5 720 ms 
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scum Gren largeh & eee moods ratiecr than curms 
cen |b 

[ OoMpanecs. corporstic support for “central rc 

<carch) actr ety fas Seen clamemated compicteh Alled Sig 

=a! Aromstrong World Industres. and WR Crace are recent 

cvamptcs (Larson 1997b) A survey of leading firms found 

that central corporatc funding accounted for show SO per 


<cmtra) Lshoratorcs Sexigets m | VSS. bat Rad falice 
theet 40 percent m 1995. and that the percentage of cor 
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porate fumdeng om tie Pudigets of Peseness unmet Lahorstoncs 
decreased from simost 4) percent to lew than | peroent 
durmmg the samc pernod (Bean 1995) Accordimg tw another 
stu. mercascs in outlays for appleed research and deve 
opment have occurred af the cipensc of Basa rescarch 
‘( ahmers 1097) 

bederal letrameral Performance. \o commuted $2 
som was used to fmance Rasa rescarch performed m fedker- 
ally run laboratores m 199" «The annual level of funding has 
mx Changed apprecusy m real terms sence the carly | 98s 
(See appemdn taltc 4-5 ) in ackitiom. Das rescarch as 2 per- 
oemtage of total federal intramural research has eld Comstant 
(at |S to 16 percent) for the past wo decades. mdacating that 
appieed research and dewelopemecrs «oot asx research) «fc 
fett the brunt of the general overall deci m federal mera 
mura roscarch 


Appbed Researcr 

An estumated $46 - Pellom eas spent of applied research 
performed m the United Sates om 199" DDS percent of the 
eatomal RAD weal The annual eve! of erestment = ap 
pieced research mereased an estumated | * percent m real terms 
betecen 194 and |S" more than offectting 2 bree |) per- 
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om Qe mead sik thal ocurred during the procoding thu 
volt ported (Soc figure 4-7 and append whic 4-1) ) 

industir,. etach lod the growth m= anemem @ anphod 
noscarch om the mued- | W4ik « oth the Cading wappetcr and 
performer of the type of rescarch (Sov figure 4-7 and ap 
poms tate 4-1) pin 199° Conmmamecs wore the source of an 
cvamated SOY 4 Pelham spom on apphod recarch undertakon 
atx Unmtod Mates. ap  peroont wm real terms over the 1904 
oc in pemeral tk propoarben of all anphod rescarch funds 
ig Rateng wm oder) has hoon carcawng tcadihy = up from 
4. porocmt of the agonal total m 1970 to 64 peroem! cu- 
mated for 199" Industrn \ performance of anphod rescarch 
«2: at an al)-tame Iugh m 199". an ctemated $3! 7 balan (an 
curomt Godlars: of 69 porocet of the astanal total 

he onduetral mcrcasc on applied rescarch performance 
ecwortin an me counts bow. « ropeescnts a map turn- 
mound trem t& carh |W ehon fetecen 199! and 1904 
i annual mute: of Gollan anoiod mm appbod rowarch orm- 
doted © mdéeatnal lhersioncs Groapped more than $! bel- 
se pe vcar Scoend «> caurch atinbwtalic to companies 
“nD emocwtmeoam After a soncs of hefty morcascs m foxdcral 
tumden of onduntr -pertermed aqphed rowarch m the carh 

wih the bevel tefl cach wear heteoon | 98S and 19RR_ nooo - 
rimg om Me late | VE only to dockne aga m the 199%. In 
ww todeta! supper of industry -performed apphed rescarch 
sa) fest ower halt tie levcl rooorded scven vears career (Sox 
anos catiic 4- 

Woretc omdaetry fonancong of anphod rescarch was room cr- 
ng fromm an cart | 98th stump. federal funding comtmucd to 
wade Gow tre ard falieng an catumated |) peroomt om real terns 
wetewcen 199) and 199° The Poder! Cewermment + ohare of 
the total as Noon docking samoc 19). falleng from $4 per- 
oom that wear to an catemated 29 percent m 199" The dochenc 
eas partcularty “cep during the rocem penad | 994-9" wath 
a drop of 9 PeTOENage Posnts 

Betecen 1084 and 199" 2 maser diespanty marked trends 
Cunning among the throc icadmg RA D-performung sectors 
Wheke the ammual level of spending on apphed research un- 
dcrtakon om mmdustral ishoratencs row a healthy 28 peroem 
mn coostanmt | 99) dollars. the ammount spent ty academa umst)- 
tons morcasced 2 adest § percem. and the Poders! 
(.crmammcm + ontramural performance was off by show 6 
perocm™t. (Sce appendin talc 4-1) | 

The ammeas! ievcl of toderal amestracn! m mtramura! ap- 
Peo’ fescarch Reid sicady m the mad- | 94) at appro emaich 
S* Selon, therefore. anly 2 shgit reduchon m real dollars 
toe Mace Seteoen (934 and 199” «Ole Ctra during the 
mwrocodemg sweat peread federal etramural anphod rescarch 
wHtlays morcascd ap nctage of } 4 percent per vear m can- 
tam dollars (Soc anpondn tablcs 4-1! and 4/1) } 


Deveropment 

Sk out of cvery 10 dollars enemt on RAD mm the Lancd 
Mates are spew! an develapment (Soc figure 4-~ and anpen- 
au wites 4-5 and 4-15) An cotumated $128 3 bolhon was 
used to fumamce the dev clapment of ace and omprmed prod. 
xm Proccescs. and scrvenes mm 1997 Thes amount cuconds 


@4.'3 


the 1995 lowe! Dy ato! § poroomt. after adjustment for mile. 
ban De chgwmnenm fumdung has hocn mcrcasang om real terms 
wince 199) offxetteng stuggrsh growth om the lac | ORs and a 
bnct dow meard tond mm the carh | Mth atach rcfloctad dc. 
tome spomdeng cuthacks folks ong the ond of the ( abd War 
hoderal suppert of devchapnon! projects has hoon falling 
roal terms sence 148" at an average annual cate of 4 § per- 
oom. although the ratc of deociex ~cecd m the mos rocen 
voats in comivam. md@ustry fmanceng mxcrcawd § | percent 
per voar Gureng the decade (Soc append talc 4-18 ) 

As wath anphed roscarch industry, ss heath the icading pro- 
vader of devchogenem funds and the map performer indus. 
try hocame the largest sawrtoe of development funds m 1974 
ovettakeng the bodecral (.o.crmment that voar Bocauw the 
ahanceng and appiveng of ace tochmobogecs arc actn mics 
uadertaken almost cxchusnch mm the prnatc for-profm sx - 
co. almest all dovciopemem dollars incarh @) percent) ac 
om & mdustral fem in 19" mdustrial forms were the 
wurce of an cxtumated $95 9 tuthon. of show 7S peroem. of 
the total spent an devebogencm om the ( mted Saates All but 
S31} milan of these funds were spent im industrial lahorato- 
mes The federal pr aded share of devclopmen funds 1 
nos caumatod to fe 2S poroent of the total. down from morc 
than 40 percem dung the latc 197s and 1980s (Soe figure 
4-5 and appends tatic 4-1 | 

Of the cstemated $/ |} felban qnem tb. dustry an devel- 
opment mm 199°. an cstumated $17 S bulbar. of 1S peroem of 
the total. came from foderal comtracts Sence 1987 2 major 
curasiment om the annual bevel of fodcrai funding eas reported 
th md@uery. wath 2 27 percent (47 perce after adeeemen 
foe onflapan) drop hemg rogrstcted betecen | 98" and 1997 
(See appendm tables 4-15 and 4-16) The mow rooom data 
show the other RA D-pertocmeng sectors = enchudeng the fod- 
crai Gan crament. uancretrs and collope.. nongwof t ongam- 
ranoms. and FERDCs = respomubic for spending anh |) 
peroom of the aatonal total 

As developmen RAD; crtermer foderal agpencecs spent 
an ctumated S& ~ tulban mm 199". placeng the Federal Gov - 
cTamom 2 drtam soomd \: mdustry on tom of dewchapmen 
performance The most roocem data show the annual loc! at 
about $! tellean behow the 1990 level In roel terms. federal 
mramural performance of devclapmen fell at an ncrage 
annual ratc of 3 ~ perce betecen 1989 and 1997 


R&D Patterns by Sector 


im thes part ongustr. and bodcral (x crmment om cament 
m RAD os cxamened m@ greater detarl See chapicr § for addb- 
penal informaten pertameng to RAD performance m the 
academax soctor 


industnal Research and Development 


industry est far. the largest RA D-performing scctor in 
199° for-peot at Compares spon an caumaied §! 10 6 belhon 
of thew own (and other somfodecral) funds and $20 & ballon m 
toderal funds on RAD performed mw US mdustrnal labs 
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* Mella om fowbev a) Petes wcrc WC an RAL) mor 
dm tt Rik . adememestctoed ™ edustral {wm 

Vid. 190) bE apenwen. Hictecen Yi and WY Come 
S wpomdeng gree at an avctage annual ratc of * 8 ger 


“we | gut. o-¢ ate agywrdi + 
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fata -adetiod dodlars The mad. | Oh cane o& 
mbostrial RAL) act . anpeh) aitrvtutatic kh) omicTTstama 
cette stand cawd-wTteng prot stately ated thc in 
wahoo ace capteieacs @ mformazon tcxctmoaiagy in 
edt om aay form. cVtermal roxcarch fumdeng os gro ung 


ra tastct than etcrmal qpemdieng (Laren 1997) (Sex 
) ternal Serrocs of Toctmekeagy Ccasneng om Aone ) Thx 


mow cooomt Nateanal Sceomoc Pomadzcean (NSE) Gata stem a 


AcTUC cartca~x @ oonpwen RA) funds comtracted to cas 
ake o@pame rato Netwoon 1944 and 1995 (NSE 19972) 

gee mg POCORN 2 Aap Comitawl to thc pec 

g to vcat ponead e@hon RAD (emanceng eas rclatinch 


whieteom. the 1995-9" mcrcew cuconds the 42 per- 
cTagc annual gan rocoeded hetecen | 4RS and 199 

bederal (.cvcrement Share at \- Time Lew. | bore om 

ation tik }oddcral C8 crnmont . cetryb>- 


har fall tfkc total ancent of funds snot t aadus 


wy om RAD actretecs Although thow dave are long pom 
arcrmmeoenm tumding dad a ccumt fot unc-fawth to omc-thard 
“all emdestry RAL) spomdeng as rocomth as the late | VE 
Soe fogure 4-5) The most rooomt data. however, diee thet 
fwogeteen. at |4 neroem. to fe the ree & hes coer boom 

Z POT CCTMagC Perens whee ehat ¢ wen oo 19RY Between 
YR” and 199" federal fundeng of ndustry -portiormed RAD 
tol) at an avcTage ammual comtiam-delia tak of % )~ peTocm 
Homcver. the Gowccmt soctm to hk shomemg tic oMematod a 
ctage veatly ratc of Goole for 1994-9" 5 lows Chan @ was 
cartect =m the Gocade (Soc afpomdn talc 4-4 


R40 wn Manutactunng Versus Nonmanutactunng 
industres 

Prorat the most strikeng Change om imdustnal RAD pcr. 
formance Gurmg the paw docade « Oe “TVA Xt) 
creased prommencmce | ote! thc late | YR bettie ation was 
pad to RAD com@ected ® sommanefacturmg Companecs 
anpehs hocause Tce ctor RAD actn ety eas noghegriic 
compared to the RAD oancratem of commpamecs Clawsfiod @ 
mantutaturyng omdustrec: 


External Sources of Technology Gaining in Popularity 


There atc 2 umber of Ways CONPEMCS CaM BOOCR Cr- 
tormal sources of techmolags. mchaaing 


@ vtnght agurboan 

@ crchusnve hoeme. 

@ com vomturc 

@ muncemty oguity 

@ opto foe future boomec 


@ «ont dq chogenent 
@ RAD comtract,. and 


@ cxploratory rescarch fundang (Chamery | 996) 

\ithoug? data on the oummiter and vabuc of these actrn)- 
bes arc lange) unaaslaihe Comsaderatie ancodotal ov- 
Gemec indscates thal cutsourcang RAD » mcrcassng For 
o\empec accraft manufacturers are outsourcing more of 
thew RAD to thee suppers. subcontractors. aad even cus- 
tomners* they are also actrwely evolved m poumt vemtures 
woth ther | wropean coumterparts (Counce on ( osmpet- 
trvences | 9Se) 

\ oummier of factors make external sources of tochmol- 
og) mcrcasengh attractrwe (On the detand ede ae the 
fodhow ung 


“teereng atwurioe sage’ sor somos ¢ RAL) ommend oct Oe 
acvctogemcts of cc 7” netemecr omcademg roheung ce feweage freme (Oe 
caper Secoe® Do ceaenectr 0 oopeeeatecr and adhe {erm fom Awa fe 
ce am anad@e tr Gowge ond mametactereg cigereer (( cums of 
( mptarcess CO 


@ increased globe! Competrpon has meant shorter prod- 
uct life cycies and faster developement cycke tame = To 
keep up asth the acocteratimg pace of mmovatan com. 
Pamcs arc mcreasinghy having to look feyond the 
doors to gan acess to ace sources of technolagy 


@ Diseased Comguamecs that Nanded cut pemk sigs to mar 


of thee RAD profesmomals to reduce costs now find 
themmectves wvthowt af! the tochmeca “upertue the: need 


@ ( oftghorsnon cnatics partcepsteng ComMamecs to reduce 
ther msks m captormng promrsang but Inghh specuia- 
tm mew tochnobagecs 


@ Recem success anes have generated more mictes! 
codiaharanor 


On the supply sede. the fodiow mg factors apphy 
@ The woridecde growth of xscmmfk and cngmecrng 


know tedge has created acu. vabustic «and svarishic 
informaban wo 


@ The svasiabeisty of venture capetal has spurred the for- 
manor of startup companecs in scvcral high-tech arcas. 


@ There ss a growmg workforce of techmical profcxmon- 
abs despdaced by dow musing. ther forme: complovers 
and other orgamiuratsoms arc cage’ to take advantage of 
thew cupertise and capenence 
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@ wampertanes cgupenem $/4 } Dello 


@ chomecals and alhod products (wtech mchades the drugs 
and modscencs endustry) $/7 } bellbeon 


@ cloctncal ogespenees, $17 | belleon. 


@ machoncry (tech mcludes Commnamecs Classelied as Com. 
peact hardearc manulaturcts: $Y ~ Delle 


@ potessecmal and «scott ostrumems $8 ‘ telbon smd 
@ petrotcwm rect meng and cutractan $/ § tulbon 


These sss endestnes accounted for 9! percem of all 
aomtadera! RAD funds pon ty Coengammecs Claw! sod mm man- 
tacturemg emdustrecs om | 99S the samme percentage they havc 
held sence at boast (98S What has changed ms thew share of 
ol endwstrnal RAD dodiars That peogroertace: tell trom over foes - 
fifths of the total om 198" to two-therds mm 199! where @ has 
romaned (Soc apgeemdn tattle 4-2! amd tout tate 4-5) 

Among the wc. mgustnes Comgaamecs « baxssfiod om the Chex - 
ial QQuapmnont endastry culated oth the Lange stnbutc 
mcrease (SS 2 Delbom) and the hughes! peroemiage axrcasc 
(9) percent) om sontoderal RAD cxpondtures betecen 199! 
amd 1995 Text talc 4-) hows 2 flap-flogpeng m proporton- 
aie Share of the total fo the choctncal oguapenent and macten- 
ety mdustrcs Retecen 199! and 1995 woth the letter loseng 
Y peroemt of ats somtederal RAD memecs ( All of the cutback 
as om the Computer segmers of the undustry | 

ltos prota sate to assaime that scene pat of the macten- 
oT) axdustry + doch » aftributaiic to a roclawaficatan of 
ootpame emo other manulaturmg ic g chexctrxal oguap- 
nom) and sommanutactunng (afitwarc) ondustncs although 
the «cma Cammet fe confirmed (© L dicen. the chectrcal 
oguapencet endustrs s moras mun reflex’ «ex me cence 
of Compamecs onto that endustry rather than rcal gam om RAD 
motmem Hoeecer further gad) of NSE «arvey data end- 
cates that 2 sazaitic portion of the growth ms real (NSE 199) 

SU) of the addpomal clectnca!l cquapencet inde: manecs 
appear om the choctromx components scgmem. etach a - 
counted for S6 peroest of that endastry s 1995 RAD dollars 
and whose RAD sponding creased throctold herecen | 99! 
and 1995 Umm! 1993. the communscabons ogumpment 
<ogmem eas the largest component of the clectrcal oguap 
ment oxdestry om terms of RAD Bat mm 1995. tht sogmeee + 
RAL) cuncedtures ecre icv than half thos of chectrom Coen 
pements Comme undowttedh samc of the Comnmumece- 
bom oguupemem dectunc reflects a reclaseficapan of thon 
forts ome the soeumanetacturing COmmemumCetOm SeTV IOS Cat- 
opory (Soe apgremdn taltic 4-2! | 


“The 84D cottect & commence her@warc ferme shee ocfiects Ge 
edu © ede wowed of prciiemg Nat ce cone latew mer) coerce t © ome 
wae BALD rowwrics oe Ge Guctegemcer of now pee be Be market 
CT 


A.com@ayg & @e ( cums oo ( cngetenrcess (|) OO emia tee) 
Rk rem aetad Mle pater Gop PDD) eer he Brce ome ae aeitheng 
Mae) of Canc trom) vio caged te Geer |S CcgEtreones ot can 
Deen) martet ower Be mee! cre Gx adres | (UiReeag? @e | mand Some 
coped Ge iced @ Oe git comndate tc oe (OF) lgnee » el 
owe Grammy Ge | eed Same @ FD ected ogee<ic Dom. and 
Nee. theyre. 


in the arpew RA D-pertoemany ondestry 3=Wamsportaton 
oquymem 4 7 9 percent average aumaal mcrcasc (om onfla- 
pon-adyusted dollars) om RAD outhays Dy Commamecs < Lass- 
trod om the motor vohaches subgroup eas sommcetiat offset ty 
a) > percemt avetage annual doche mm the arcraft and mas- 
whos sqgment betewen 199! and 1995 ~~ The 199) -95 excrcane 
om automakors RAD) fmamung ropecscnts 2 msg aocckera- 
nen on RAD enesamem & thet endestry. Compared to the 
precoding wi-voart permed (Soc appemdns tale 4-2! ) 

tes go scocret that lS compamecs share of the world mar- 
ket foe motor voteckes docimed Gurung the last quarter ccn- 
tury. however. the mdustry has rohownded & rocem years 
The waco and strength of foreagn Competitors actually lod 
two 2 ‘Yoveluen” of arts @ US lahorstornes and pradecton 
tacshues RAD has played a major robe om the changes. 
tons of hath the sutcmotuke pradactaan proccess amd thc prowd- 
at aecif = The overrding goal of the changes has been to 
reduce Producten Costs and tume-to-markct Success 6 
dem where « ance took five of more wears for 2 nce car to 
po frown draws ung howd to show race ¢ aoe takcs oth Teo to 
three voars (( ounce on Competences | 996) 

Teo of the largest RA D-perfoemeng sadestnes = petroicumn 
refemeng and cutrecton and chomacals (cichedeng drugs and 
modscunes) did not comtributc to the overall growth m 
nontodcra! induwtinal RAD capendtures betecen 199! and 
1995 * Compames wm these two dustry claseficatoms re- 
perted cuthacks of 19 percent and § percent. respextrvch. 
thee RAD fenanceng during the permed (Soc append taic 
4-2) ) RAD dow mazing os reflected @ ool and chemacal com- 
names drop m ramkang om fede RAD) Ss amemal best of the top 
(0) RAD performers on the | ened Samies (Soc appendn uiic 
4-25) tes peeeeiic Chat ot eee wen of the doch @ @- 
howe RAD reopened  Compamers im tho Teo mdustines 
houng offset ) thew mactcaseng paracepahon @ mdutrial RAD 
comerta (Soc “indestral RAD ( omsorta ©) Chemecals and 
xtrokcwm Compas arc wen of the most actre momiers 
of research poet ventures (RUN +) capecuaih those devoted to 
om woewncetal RAD (1 ok | Feb) 


1S Seams arc me hoger Ge ate plgeers oe Ger eewhd ) Coenen! ar 
et atc 0° abbr te com of Let be@ewe ( couge 8 ome 
at qaemeered Ge Cacoman From t Hwee amd Sqnamest gee creme : 
Mtr Ratew ok hedemg Lapet (heme Bown amd Taree he amma oe 
Ror MRCwm cr De ce eros? market (ag oe ( om 
throne: | OM, 

Soe cxmmgpe eh OS fem tuec abogend Ugeme~ met atreg pee 
AO aa? & Com ere oageecreg bt ad@mer oat congenic ant 
Sow mater? toctmeteger faec angen’ and mcchcraed fr Greage 
OO Ceogemcer amd pro Tat o¢ meter ccfacac) | cemgunry Saeed ex time 
gue ewe ate pllewed ¢ cumper coke om Ge geet edie ce Cee ee 
Lome we (Otome rnd Tr em oct a ogeTmm bf urge pe teow 
nee agpaenmcs oefiot mameta tart) compan c © ge comes nog 
ceo: Miectamg camden for mica octet amd astict) fae piped 2 
mae cok apeng mamta occece? apomda ( cummoe om ( oom 
Petr cmc: | OD, 

* Scoemdng to howe endear, offic oper BAD 6c Ge a 
chageness of new peecewes and peed@at tue fece screed @ tor of 
tay rCmRe geome ter coteg peed | ee Ge | OF 
om Gerd © ome fol of BAD gente « fe mae) Soe nee pee 
owney amd peda: Gut peegeetee 9 nee Geer te iow Guat ome tert? 
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in Commas! to the Lackhestcr RAD pertoemance of undus- 
wer’ chemecal compamecs. the other part of the CRomecals 
moder) ehat comets of pharmaccuwaal Compan had 
> awaal beatin axrcaxec m RAD spemdmg the ware of drug 
compare RAD program acarh wupied tctecen | 48S aad 
ws (See append tate 4-2!) 

The mon prowmncm rooom tromd m thx drugs and movb- 
ome oda fas oon thc mohdeng of paarmaccutaca! and 
hoot fmokagy rocatch more than ane-thed of drug compe- 
mcs RAD peopects atc peumanh beotechmodagy-rciated In 
addrorm pturmacutaal Commpamecs havc hoon codishor stung 
emmth amd a quanng Moto tmobagy Commpamecs to takc adh an. 
tage of the laters potommalls lucratne dmcomenes The sx - 
vow and strength of the Deotochmodagy endustry os rounfoecang 
thc | mato’ Mates s wortd boaderstep possbon om Grug rescarch 
(( cues on ( cnp~ettrvomess 1/985) 


R&D Expenditures by Suze of Company 
in 1995 12) companecs wath more thas 25.0) conpiew- 
oc spent more than $! aulhom cach on RAD o@ the | ened 
States (NSE 1998) Price to 1990. thes group of commpamecs 
a oumtiod tor more than half the somtoderal RAD cupend- 
cure total That share has fallen tehoe SO peroemt hoceuec the 
RAD cuties of wall and modeum-sarc form baie been m- 
oroasemg faster than thow of lange commpames foe cuampic. 
wall terms (thos ath tower than 48) comphwocs ) acocumticd 
tor 14 percent of all nomfoderal RAD capemdeures @ the 
Lemed States @ 1995 up from 10 peroemt fre wears cartecr 
(Soe appemdn table 4-2! | 
ledestria! RAD ( cacentrated mm Large bina | bospric 
wnall Compamecs mang share | So ndustnal RAD capend- 
tures comans honh concemtiraied ma rclatnch «nail sum- 
her of relatreh large forms bor cuampic. apgeonemaich 2 
S COemparecs pent more than $!) telbon cach of RAD = 
(Wee 10 wears cather onh 10 commpamecs crconded the be- 
som—dediar mark ( Tocheecal leaeghes 199" and 19RR) In 1995 
the 4 largest RA D-perioemeng coenpamescs (mm terms of non- 
toders! fumds) accounted foe 16 peroem! of the total amount 
spent. the 2) largest. M peroemt, and the 2D largest. 64 per- 
oom The lew aatetac. owewer, os less than thee 8 pevoeet 
amd ©) perooet chores bold ee 199) and 1985 roapectneh 
(Soe apgremdn talc 4-24 | 
( beeges i Reskings of Tep 169 RAD ( oempanics. 
Durvnag the |0-vear perad 1986-96 major membbershap 
changes ocurred @ fade RAL) Ss ammual bet of 16 icadeng 
RA D-pertocmang compames (Soc appendn tiie 4-23 ) The 
three Largest RA D-performeng Compan. hoecver secre the 
sammc om froth veer although tik «comd and thed-raniod 
compares ee rtched places That comstant mun fe ome of few 
reweaked Ph coemparung the fests froen | 98 and 1988. 2s map 
chamges @ ramkongs cocurred ammomg the rornammang 9 cntncs 


The raged grew? «¢ BAL) Gulia @ Ge Grug mde oct Ge tg? 
owt of cower? Gena « G@ecescreyg cae and woommeem fe Gecee 
oa SES ter ree ant ug ccertan Se cru ff stderr mama 
OCR ange Meee Gag epee & Mae oo heer? 
ame eT marbopia now Comtrer ot pracy could adver affect 
CAL) ume ow aeons OR 


est? 


@ The Sth Sth Sth and 1th largest RA D-pertoemng com 
pamecs on 19M) were Oot amemg the top 1 om 198 ON 


those fous companes incl made thc lange boop poung 
troem 4¢ah to Vth place 


@ ( canpeter woftearc and some Coenpetcr hardware phar. 
maccwtxal and teotcchmelagy, firm arc mcrcasungh 
promuncet RAD pericemer ( oonpamecs brkc Microwft 
Sun Microsystems. In Amgen Scagatc Tochmotogy 
(somnemicch. ( compag ( cenpetcr. and ( mcw Sy stcmm wcrc 
not cven on the lest em 1986 and eos ramk om the top SO 
Miacroseft spends more on RAD than all bet 2 doree 


LS commpanecs 


@ Alemosw half the companecs ranked SO tw 10) arc ace to 
the lest Neath every compar mm the ace group is c- 
ther 2 software ic g . Nowell) of a teotechmotogy ic g 
(scm sy imc) COMER 


@ \beraost all petrotcwn and chomacal Coenpamecs tel! sharply 
om rank bor creampie Dapoet Groggped from oh to lth 
place. and Dow Chomecal and Momsamto dropped trom 
1 Sth amd | 0h respectrvcty. to 31st amd Fed The largew 
ol company. Exxon. eas 41¢ om 1936. compared to | 4th 
10 wears carter 


@ Acrospace firms sho dechecd » ramkeng Boom and 
Mic Doenell Douglas ( etech merged m | 997) dropped from 
| ith to ith amd from | Sth to SSth rewpectmedhs The coen- 
henatean of L ackhood and Marten Marsctta and all the othr 
acguretroms that noe Compwrse 2 samghe Comma (soe fig 
are 4-10) kope Locthood Maree 2 summit 4) 


R&D intenssty 

in addenon to stuotutc toveks of and changes @ RAD c- 
pendewes another bo indacator of the health of madera! 
socnmoe and techaolagy s RAD eacmsety RAD os somela to 
sae, maricteng and pencral management Cupcmscs om that © 
sadmerchomay i¢ noo-dect-rocmer-pembacme aom 
that can be tomencd when prot ts arc falleng There socom to 
be comaderaiic cadence however. that RAD ompows 2 hagh 
degree of enmunety from beh-ughtcneng cademors = cocn 
when the cooncen os falc 8 focee of ts Crucell role 
lavung the foundataom for future grove th and prong 

There arc 2 gum: of ways to measare RAD once 
het the ome used mont frogucath ns the rato of RAD funds 
to met sabes These statrta pro ades 2 ea to gauge the rele. 
tre ompertame of RAD across mdustrcs and forms mm the 
same omer) 

The rane of RAD dollars to mct «ales tomds to be fash 
static ower tame. although vwear-to-voar Champes of 0) | to 0 > 
percemtage ports arc not umcommen Also. there arc 
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Fugure 4-10 
Consomdabon of the US sercspace swdustry eto the ‘tag wee” 
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substan! differences betecen indus (Sec append of a percent less than that recorded for the peak wear 1992 

calc 4-25 and text talc 4-4 and was the frst Gop below § 0 percent @ 10 yours (Sec fig | 
bm | PRS ad 1995 thee most recent vears foe wach dats arc ure 4-1) and appendes tale 4-25 ) Despete the dechne. @ os 

zvantatic nomicdera! RAD nemdang as 2 percentage of act stall safe to axsamme that bettie Chamge fas ocurred mm tie bev ci 

sabes for al! RA D-pertoemang coempamecs cLasssfsed mm mane- of amportamce accorded RAD retatrec to other desctetomary 

facturung edustnes was ) 9 percent Thes rato eas four-tentin cxpemdeures Thats rough the samme progertson of compe- 
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moc eas dovoted to RAD throughout the late | VE 
View fctuataoes ondacate that RAD 
uc to hoed Hts cm nm Gurung rooesseomary perooeds sch as that 
sapere mm er carh (OR and co pores of reocuvery 
ahen peofts arc outpaceng RAD em cemen 

Depart, eo RAD betemuty Cores Sectors. \. oem hue 
mormon RAD cacewt) offers wageefxamth acrow abe 
ime (Soe tout Gate 4-4 ) beds hae! etry cates range from 
i tagh of 10 4 peroets = Ge pharrmacewacal eadewtrs to 2 ow 
10S percent om the ford and preenary cectals cancqgercs * The 
furmaccutaca! emdestry fas bod aff odin eudustrecs same 1993 
a reflctom of tic mek) and Compaen mature of Grug rescarch 
mn 15 @ ted Gee chy) Goetie~<ieget come Among Or coe 
BAL) omticemnc cadustnce oe te petrodcun made rankod 
amore tac ws Lape RA D-pertoemang exbastrics 
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Federal R&D Funds 

in |" edestrual forms qneet an catemated $0 § bello 
2 toders! fends of RAD acter macs As mentioned cari @ 
thes chapecr. fedieral RAD sapgert to endewtry fas been dk 
Chang shot comtawowshy semce | O87 


i he ee i se ee ee Ge a a led 
BAL) funds cet cakes cate eteoes (8) amd OS) fee > > emcees ae | * 
percent) and Sete O84 eed 8 freee 2” percete te |S gece) Pree 
w 1 compere 6.40) tem & 2 proce of xt wakes hed Sere of Ge 

percvese come ter YY ocary 

BAD wre. Oe athe maa! Ogee eho sumru mae 
=o otemuned we Ow sews eS Uo of walt (comma oe ( ceegwten< 
news OR OTe Crud few ole a ate nce ceed @ NS. te 
ral RAD saree tom & met pete of tagh act? ace oe 
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Figure 4-11 
Tota: nontederai RAD tunding a3 a percentage of 
net sates tor af marutacturing rutustres 
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The aercraft amd messsbes emdustry es the boadeng recopecns 
of federal RAD fumds imecrestingh. thes dustry formerh 
acommted foe morc than tec-therds of all federal moms gene 
® compamcs. boecver tie mow rooent compa -roported 
data (1 99S) stereo accommteng for bews than one-half of fod- 
oral tums (See appemds totic 4-2) and “1S Acrospace 
terms Dechmng Government Sales Offset by Crom ig ( »- 
velean Market") 

\ spate of merpers and restructurings has taken place 
recom years among Gcfemsec comtractors | dic the “teg thro 
automakers. there arc more the “Deg three acrospece compe- 
macs (Soe fogure 4-10) Foe more formation on mdestry + 
dctemec-rctated RAD. sx “tadepemdom Rewarch and Dov ci 
apemem Pro nics Addetowne! Defomec | uradeng 


Patterns of Federal! 11a) Support 


RAD comwemnes omh 2 fracteom few than ‘ pereee of 
ali put: cupemdetures 1s the | meted Sastes. (Sex “RAD Fe. 
mg Retanch Well Despete brecal Aasterty |) Dewpete thew 
tack of prommememce « athen 2 trillsom-dodlar teadpet, RAD furd- 
omg wemds reflect overall napomal proces mchadeng the 
cmgasss om deface reducteom amd the shefteng Nalance he. 
tecen defense and dommesta peagrams foe cummpic. 2 roux - 
thon on dcfemec-rcisted programms facthtated bh the ond of the 
Cold War. hes beem partly offect hy mcrceses © coppers 
for crvvian RAD peograms ocspeculh tho aemed # op 
fem ung Grecaxe ciagmosss and treatment toc tmotogacal oven- 
(ettinemess ated the OM woewnen. 

Total fexvteral RAD ottegatroes acre am cxtemated Sos | 
telhon om fracal woar (FY) 199". 1) percent bebow the peak 
1989 lewe! (om weflatron-adyested dollars) © Defense 
doe marmng. ehech affected programs at heeh DOD and DOF 
tucted the werall Gocleme (Soe apgemdin tabtc 4-27 | 


8: aera < mete few mecmarmy totes 845) om comer _ shed 
Oe feders) Sere ond Tecmo Sadige ee peepee! @ OF & te 
Namen! Scadome of Sacmers (Ser The Peticre Neo: and Doct 
Rado 
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U.S. Aerospace Firms’ Declining Government Sales 
Offset by Growing Civilian Market 


Dasa fromm the Acrongwece Imdustrecs Assocusteom ( ALA) 
seme sabes of acronace products amd scrvices falleng from 
$116 bellee oo 199) to 990 Delleoe op 1995. them mcrees- 
me tw S120 Delon @ 1998 (ALA 1997) The recom 
Tease » attrnbutaite to groweug sabes to Commercial! 
vetomer although DOD roman the mndustry s largew 
ungk caterer But wteke DOD esed to account for Teo 
therds of acrospace sales (hetecen 1484 and 1987) « noe 
scoownts for slaghtlh) more than 2 therd = ALA dats shoe 
EOD purctuases frown the acrongaace amtunary dex temang froen 
SO! 8 belloe = 1987 to an costumed $4) 6 Delon om 1995 ° 
in 1998. foe the few tome. afl fodere!l agemcers together 
accounted for lows than half of all acrospace wiles. from 
(984 Groagh (98° they accounted for approach Geec- 
\eurtins 

Prowuat growp data abv feos tic sieft froen mebstary 
cnvan Cusioemers 


"| 8 ©) Qa are 2 Commienatee of feo acvunt §6| | precurcencer anf 
- sow? Geckos ow amd cogbesteor 


@ Sales of ensbtary axcraft fell from $4) 7 belhon = | 487 
to an cstumated $™)4 belloe = 1905 They aoe ac- 


count for 25 percent of afl acrospace-rcimted sakes. doen 
from acarhy half m | 457 


@ ALA Gata stew or chan aertemer wales serpasemy those 
of maltary aecraft for the few eee 2 1997s In 1998. 
crvvisan plames amd cts arc cstumated to be 4) peroent 
of all acrospace-related sabes. up froen omy |” peroent 


a | 
@ Ammual sales of massaies fel! 43 percent in the | 
from « peak of $14.) belo = 199) w $4.0 below 


estumated for 1998 As a percentage of all acrospace- 
rotated sales. messaics fell from |} peroent m | P80 w ~ 


percem @ | Oo" 


@ Space sales (poe pest ower 2 quarter of al) acrospace- 
retated sales) mxreased stcadeh betecen | 98) and 
199). fell shaghtly bevreces 197) and 194. then @- 
creased agam to $3) § belleom cstemated for | 998 


independent Research and Development Provides 
Additional Defense Spending 


it adkdetacw to the textcral RA D offagatom dmcussed m 
thes chapeer, DOD s Iedepemders Research and Develop 
ment TRAD) Program cnaittes endustry to obtam federa! 
fumdeng for RAD comducted = anmcapatsoe of goverment 
detemsc and space seeds Because @ os onetasted by pervate 
comtractors themscives. [RAD os destenct from RAD per- 
formed emder Comfract to gowermemest agence for ae- 
ofx parpeses [RAD allows comtractors to recover a 
porben of ther o-house RAD costs through overhead 
mments on federal Comtracts om the samme has as gee- 
cra! and admenestrainc cupemcs 

(ntl 199). af) revenbarsabic IRAD propects eere to 
tune potentss!l mbtary refewance” Becaes of the com- 
corn that defemse cutbacks would reduce cra RAD 
nox omy om the level of commercial spillovers from 
ecapoms research bet_ more emportanth. 2 redeced DOD 
frcurcment fromm etach IRAD ss fumded the rules for 
roombursement were cased and the clogsbelty crvtera 
proademed ° Rownbursement 1s mom permesssitic for a v2- 


“Soe WS OF). few 2 tear’ Goer of eee soemierucences for 
RAD ome ut COR Grace The Nate (tome Sather 
teem Act for Foncal Wome 68) ceed OOF PL 1. 1) peewee er Or 
eda oom tet oe Re ame BE) ee) cromtaure ove 
was by BAD gente: emt peel cee fe noe’ br at 
ee Agromet ant exten a coe IAD geogreee 


nety of RAD peogects of mecrest to DOD. mchuding thow 
micnded to caharcc mméustra! competttneacss. do chop 
of promote dual-use techmotagees. of prov adc techmoko- 
pes for addresseng om woeenental comcerms 

in 1996. endustrial firms sere cstunsied to hc @- 
curred manemaily $3 0 telbon = [RAD cost. of whach $2 ¢ 
belom was Geemed clogsbtc for rcumbursemen The go - 
cramest reumbersed $1 9 ballon. of 66 percent of the 
TRAD weal As 2 rewelt of the expanded reumberswement 
ciagibehety crtena. the amounts rcumbursed have beid 
rather steady at shout §) bellbom per vear sence | 984 (See 
agpemdas trite 4-56) As on cgurvaient properbor of com- 
thence’ DOD and Natoma! Acronactacs and Space Adem 
utrapen (NASA) exdestral RAD sappert. IRAD fell fron 
ll pevoemt om 1984 to 7 perceet @ 1996. although thes 
fygere «s endoubtedhy on the bow sade as 2 result of ax - 
comnteng and statesticel changes Prevoowshs. comtractors 
wth audetaitc costs of $40 mellsom of more were imchuded 
om the [RAD states The current theeshodd aoe mc hades 
ont those firms euth sudeatte costs of more than $7) 
malhon, NASA aiso roembarses [RAD costs and closet 
folloss DOD procedures The statrstacs prowaded here m- 
chade roumberscmmerts from “NASA ft romans uncicar 
whether Changes @ the rules gowcrmng IRAD have had 
thew mended effect om mmbestrna! actri wt 
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The Federal Science and Technology Budget 


in a 1995 copeet (NAS 1995) oucembers of 2 Nemonal 
Ncademm of Socmocs Commmaiice proposed an alternate 
octet of measurung the bodersl Gowermenent’s SAT - 
vosamem Accordamg t© Commmetiee memiters and otiner 
pocymakers. thes ecw approach athed the Federal Scr 
ence and Teochmodagy (FSAT) badget peowndes 2 emer 
ea to wack and cvebustc weeds @ pebdlx mvestemeet 
om R&D 

The PSA T Dexiget os actually 2 subect of what 5 ox- 
alt) referred to as the federal badge: for research and de- 
schopment Advocates of the ace appeuach comend that 
the (radetowmal mctinad of Commtung federai dodlary spent on 
RAD overstates the actual amount of federal RAD awest- 
ment hecewse Cortasn tems arc onchaded that showkd nox 
%~ Although so ome Grcoumts the emportance of produc - 
‘Oe CRgmmccnmg. testing and oahusnon and upgrad of 
werctaft and lange scapoms system FSA T teadget propo 
nents Comterd that these actrees showld mot be coumted 
a= RAD bocaws they do mot erotve the descovery of ace 
imme ledge of the Creator of ace techmotagess Morcover. 
the, are mot Omapor Comtrbuter(s) to ccomema growth 
natoomal secur). health |and) quahty of life 


Text tatee 4-5 
Tre §S47 Dudget tor the Gepartment of Defense 
Mitors of current US Goitars) 


If ee FAT were uned mstcad of i wadctaoma! fediyrt 
to evabuate federal RAD ewosement, DOD's RAD mummers 
would look quate defferer The $25 tela ms FY 1997 DOD 
ottgateoms sisted for “major sytem deveiopencet wowkd 
mo homger be comadered RAD and therefore wowhd be su 
wacted from DOD's total RAD obtegamoms of $35 bellzon 
Deosng so would icawe $4.0 belbon mm the FSA T Sendget. of 
$3 9 belhoe 2 DOD-spomsred research and $4 | bellon = 
advanced wechmotogy developement * in adkdemoe. FSAT 
buciget dats would show 2 9! percent deci @ DOD 
RAD oblagatons beteces FYs 194 and 1997 about 
tee the percentages decime reguacred when perform. 
img 2 comvenonal analyses of DOD's RAD arestment 
(See text table 4-5 ) 

Foe all other federal agencecs cucepe DOD. the Natoma! 
Acadeam of Scacmces cstemates a } § percent exrease @ 
the PSAT bendget berecen FY s 1994 and 1996. compared 
soa” 4 percent mcrease wong the Wadmoea!) meth’ 


TRO) » SAT fee gree ates 2 eteeuee: Certer of ef fodere eager” 
fee coer? amd geome me Areceegemets © KTR A arte 
ey CmMQUAT Kao CROKE CRpETeg amt mer a 


= ohare 
OOD RAD actu? ead 7s = i -_s 
Totm FSA" Duckpet ae a9 ar ao 4" 
aoe 45 45 as 38 43 
Aad WOOD, Geeenaprmert 45 46 48 a’ 49 
Ver SS0ern Ss Sewanee r—¥ me 235 2306 1 
Tote tadmong tetera AAD muaget Mé Mea Md 330 4é 
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Portfoko 
bow the fowt terme samece 198) DOD os cupected © accoum 
« than Rall of total ftoderal KAD offiagateoms (Sec fg 
: The DOD) stare of federal RAD sqecedomg feos Deer 
dcx iomemg cade sotac Tic mad- | VEE 


LOD) otviagatacers hun c fallen om hoth currem amd Comstame 
Gollars every wear eemee 199) In 19 thew eed oo cet 
mated $'' felon doer acarh I) percent mm rca! terms froer 
the 149) level (Soe apgpemds table 4-2" 

Dhespete the rocediemg proemmcace of DXND @ te RAD 
the agemc) ste!) omverwaadoes al) offer fodera 


ger t ioe ; 


Somes § iogreevy ~oOcato 


wurocs of RAD dodlars. The Departmees of Health amd te 
man Scrveces (HHS) « 2 stan «xcomd «ah RAD ing: 
toms cotemeted a0 S$) belie @ FY IS 
the DOD cremd HHS sapgeet has beer mcrcesemg cute 
vamce 199) sithhowg? mo real groe th ss cupected fetecer | 
eed 199" (Soe fogere 4-14 


- " err as . 


Hetecen 199) and 19° HHS + RAD offegateoes row 
oMemated merage of * ~ percent per veer @ real orem. and 
mcrcasse’d w@ (Secroecet op from 4S ecroeet of af) teukers 


RAD) o@igeatecens Gurwng the samme per’ The: grows th reflects 
the cad. srcam of ace Sofia: to smo af) of thr Na 
teownal beestetwacs of Heaith (NIH) ete? accom foe 9% mer 
oom of HHS RAD o@tagatmoes 
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R&D Faring Relatively Well Despite Fiscal Austerity 


The Presedent +s FY | 998 Dedget calls for appron:- 
match: $! > trihom m total government speeding 
Oelh 45 percem of that amount .sbout $72.6 bel- 
yom os Gewegrated for RAD programs (mcheding 
RAD phat) 

Reducung the deface has Been an overnding goal 
of both Comgress and the Admenetrapoe To gam 2 
metic wader vtamding of the Gfficeity molhed m ax- 
 omnpérsiteng thrs o®sectrec ts heipful to spit toes! 
feders) spevdeng imto Teo categones “mandatory, 
and “descretacmary «(( crtam program cipendtures. m- 
chudemg those for Sexual Scour). veteram benefits 
Mewdacare Viedscasd and mutcrew om tie aathomal dct 
ae comsadered mandates) Gems m the federal budget 
That os the governement ss abtcady commuatted by lee to 
homer umg Ghose programs af certam ievels and Cammoe 
owt (hetm « inoet scroces potetacal roperoumeom in com 
(raw Gesctetwomary Gems ox hadeng RAD programs. do 
™ CmpOS tke samme ieve! of protectnon from bendget~<ut- 
mg propeorsats amd tt foders! Ca~ermment docs moe 
auve tof = mot shrcady Commmettied + igs to. {mance 
wach program at partecular lewets 

in TOCe™ wears the progertsoe of tc federal Dedge? 
that wapgewts maandstors programs kas been cupandeng 
ateic the deucretaomar, ware fas beer simmkimg Man- 
dator. Peograms arc cupected to account for more than 
rac-therds of the total federal texiget m 1998 | ap from 
ios than half peer wo 198) Wath decretomary pro 
crass moe Coempersang less ttxan 2 therd of the wer! bead 
oct mcm bake RAD and other Grcretonary progranss 
hor OF Curtasioment to mect deficut-redacton targets 

[hespetc ots emctcawng vuiecratelty RAD has acto- 
ait tared retatreh eel! Gurung the fiscal sesterty of 
the 199m (See figure 4-12.) Por cummpic. ap cumm- 
naton of RAD as a percemtage of the total fevicra! bad 
ext reveals the fodioe ung 


@ Although 2!) federal) fended RAD « cipected & 
tall from 52 percent of the Deiget @ 199) wm 43 
percent @ |) 98 somdeciemec RAD os 2 percentage 
t tier tote! Meadget  cupected to roman fag com. 
tame at 2 O percemt Gurung tc samme permed 

@ Asa propernon of tote! Geucremomary qeming RAD 


has reace from |! S percent oe 1980 w |} 0 perce 
m 19%) w 1) 5 percocet oe 1008 


@ Nomdcfemec RAD os 2 percentage of nomdcfeome 
deuctetaoemar) wevademg fas eee hoddimy faerh cad 
samce 1982) of past arder | } percent 


Figure 4-12 
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Figure 4-13 


Progected tedera R&D obiegabons by agency and character of work 1997 


38 


* sae 
Toe 


Ee of Lorenarce SC Ceaperteweee of Cater OF  Ouerteeee of foareg, “eS Ongartoert of “saath acct cer 
a et Ore Aewoneees ant Seece Aewewrater SF  Sattore Scarce fordter SOM Ospartoerrn of Agree 


\—- Seer: “tee 6 DS 


The Mayor Federa! R&D Agencses 


eel PPS yr OO, aes Te 
. * PF “J —_—_~_,~4q,>' 3 ke Cte OUT 
‘ om \cromwsetans A Share Admenetratae 
. > ~ ‘ >» aa. gaze ‘aw SS 4 
~ . ~ Pn ea! Abas Os : Agrx wilt c 
$i 4h be Department of ( ommerce 
ale Y ~™ act & pies (MA) orn! 
. < aero” S Gowermment RAD coe 
- re Te ~ . —— 7 “ef . 
x \SF & “ ewe OLN few RAI) 
: veh «wD Tag. aM.) oir <b 
MTCC ae > TCC. rose 
. ~ . ~~” 66 The NASAT Car . Miata 
‘ MTT ‘ vta tae womutet *« 
- 
~~ 7 om S134 ts et ee Ee we, 8 
* “A ~gs ¢ i TCC MT vee S ts 
. ° e~ ae a 7. Sd a ce cry po 
g Te eee PTs 
“* he Tams of qugpoe RAL) fore arctacecs 
~™ ~ Lod) arma ¢ (heategy Progran 
_. -s * ie al ° cre \oat ~ “-. = > 
Pe .* * - ‘ » Pas mm SN ~ ' >» ave* 
a ™ ~ “) ~ . ~, a rn Fi ire 
er at pe ATP Aion? 17? Ct ma o_o} 


Soarce 6 fgreetg ocean «39S 


cotiae \ RAD atrne 


> -—" ’wtwr< recta eat z= 
Sex drwcwssaoe of ATP armies 


beuiera! Partmcrsite 
With iecbowtry ) DR 


. armed zc s< 4 vA) C4 Pg at mes 


c aegged * MTC 


. 


cigecte’ & Te 


ca) &TR wte<ccEr 
Per pnt 


Town em" ENT mS rh. C hope traci | rae ett ae 
ret. & romrmenta) Protectoom Agemey (fF PA 


hepurtement of the Ineeroe (DOM) 


gene + Se) oo 
RAL) tuenkog 


x to ma! 1h 
cach Ane eee! RAD 
ma (Fh Geo cee 


~~ * . . 
+ Cigar ie i. SS 


aw | ‘ ™ PK 
axm™ ks im 
aocw cxrcex @ RAD 
i 


‘cc Ween fx 
Megetewoe. Wwrecen | ) 


x (1 an 
PETCETE PET VOR © Pe) MT) Shee 2 eS gee 
wel 2 Gexrcew ae cupexted foe FPA oe owe ch 
[he oA TORN iwi). RAD (eget we. cf) 


<< Tae aves + 
arcre CTMEWLEs ‘or RAL) re Bou ° 


mY We CTT KTS 


se x - . aT] fat oT ssa es ~ at Mag r™, PoctratT w - tw 
\ ~ xT? Tae Ves . 7 , . ° rKxh Se 
. a” . - = 
7 . 
=" ~r"» ® x . 7 o fx > * - "e. 
_ 7A + ¢ ™ . 
2 ” re ‘ oy 
: . . a + ° ~ ~ 
of . > - a ("7 ¥ ~~ oT ye ae _ 
~s —- i rs “7 "- "pe rs = ww * 
er “hl a Ms 


//3 


sone O™apter 4 US ac rew~atora fesearct arc Onewngrrert \ 2s ae Aheroes 


«* 
) 
’ 

’ 
’ 
/ 


hors orem A oor 

<= 

ae 

< — 

eT ee 
ss 
xr 
&) omer ape en 
Pa) 
= . = a 
= ad = =: - - 

“er goer ute +) Scere 6 ieee eee OR 


Federa! R&D Support by Character of Work 
bevkera! of¥egateoes for hasan roscarch applied rescarch 
amd dev clogenent wcrc an cotemated $14 ~ belleom $/4 4 bel- 
om arab $5 9 bello coagectnety oo FY 199" (hverall anh 
Tehos! coal grow th fas taken place om foeh esx aed appterd 
coxcarch wappert Gurmmg the oed- 19 Each category roger 
Ted acrage annua! Comstent-~<doller gems of | percent be- 
neoen (94) and 19 Ie comtrast. the rend om fevderal supper 

( developement f+ far the lanpew cae of the RAD pe 
wens gate Gfferent. «th deveiopenent oftigatoes mf) 199" 
coveted! to he oeoee than $2 Pellsom Pehows hee FY 199) level 
Soc appemais talc 4-27 | 

Bask Research. \fcr |) commecutnve wears | 148) -9) ) of 
smeeae! toa! macros @ sapgert for fas rowcerch. the mace 
wt fevhera! specmdeng of ties rescarch type showed mm tie | A 
\Rihoagh wer! fuming of Rasa recarch 6 Comtumuemg to grow 
m= tes Groowe. Gaere eve Seem 2 ices feo woars @ eich 

anmman) OOngatooes tasked to keep pace oath mflanoe 
Pree agemicecs offiegate morc than $! Bellboe annually for 
bask cowcarch HHS. ech a commated $4.6 belloe = FY 
Fe o@iegatoms accounts for appre amatcths 44 peroent of 
tie total Ties es oer tam theee termes tr bewe! ofingated hy 


me 


NSF. the socond lanpest sapqeerter of basa rescarch. wath $2 | 
bellsoe in cwmated o&dagatioes foe fY 1947 The other threc 
agencess are DOE ($2 0 Delleom) NASA ($! 9 Deleon) and 
DOD (S! | Dellewe) (Sec “DHOND Ss Base Research Programs”) 
Together. these fc apemcacs accounted for an cstumated 9} 
percent of all federal basec rescarch offigatoes m FY 1997 

Derung the 199)-97 mecrval. HHS. wah $! 5 belhon, cn- 
powed the Larges atmetute mmcreasc im hasan rocarch funding. 
more than tour times that of NSE owtach hud the wocomd high. 
cM ateotute marcas ($348 melbon, 

Of the fre hoadeng sowrees of bas rescarch dollars. only 
DOD + oftagatioms farked to koep pace «th inflaton betecen 
1987 and 199° The otfter four agencecs regestered average 
annual growth rates rangemg from | | percent for NSF tw 3 4 
percent for DOE durwmg the samme permed For DOE amd NASA. 
the growth tod place om the forest part of the 10-year pened 


DOD's Basic Research Programs 


DOD 5 basac rescarctt effort kas three mann chemencs 
tested below «The DOD orgamazazmons respomsibic for 
these three chements amd thew funding ievets and pro 
pectboms are grven @ appemdn: tabdie 4-25 


@ Defense research sceemoes programs of the armed 
services, Defense Advanced Research Projects 
Agency. and the Office of the Secretary arc the larg- 
cs components of DOD'S basa research portiobo. 
accounting for approxsmoateh 0 percent of the 
agency § total basa cescarch fuming They 2hso rep 
resemt the largest eemarce of DOD research fumding 
for umveruhes most of whch s combacted by 
sumghe-mmvestigator researchers and support re- 
search undertaken by wadestry go ernment isdore 
tones. soaproft ongamaratsoms. state amd boca! go - 
craments. aad FFRIC s 


@ in-house | sboratory imdependent Research ss a pro 
gram that fmamces basa research mn support of labo 
Tahoe) messacms amd prow adkes a rescarch cm woemnent 
comducte to the recrustment and retemton of out 
tandeng socninsts amd engmects 

@ The Uareruty Research inenatre os a collector of 
mademx multxtra pier rocarch program 


in 1995. DOD began fumding ox eretegx. mulb- 
descuphmary research cOgectrwes They are tenn fied 
DOD'S Base Research Plan as Deomemetcs (eth $)0 0 
mullon m FY 1997 femdamg) samosceence ($23.9 oul- 
fom. simart structures ($8 ~ malbon), broad bamd com 
munratioas ($17 ) millon) intethgent systems 
(S18 S emlom) and compact power sources ($9 § m:l- 
fom) Fumding levels for cack of these matustrves re- 
oamned faerhy comstant (om Current dollars) hetecen FY 
1995 and 17 


szabtc mateases betecen [987 and 199) were counter! 
anced by inthe of no growth betecen 1992 and 197 

Applied Research. |x ames levels mm Comsat YY) a 
wars of total fedkeral appheed rowcarch oftagatacms am thc late | SRE 
amd cathy) w mad | WS prowkace 2 way em (Sec appr 
tate +-2° | Imcroases @ soeme wears were matched by cutbacks 
© susogucmt wears (herall te anmu!l Changes vcrage out 
w 2 teal eacrcane of | 7? pevoeet per wear beveces 198" od 
179" saomelar to that for bas cosearch The appleed rowcarch 
mummers dhustratc that cuffacks m décfeme-rciateed RAD x - 
try etacs are fewng counterbalanced  mcrcascd gos crnement n- 
vowrment @ cream RAD programs. cg health and space 

Peuberal fumed for appleed rescarch are sommew fiat bow con- 
centrated than basa research dollars Pour agence (NSF 
arom out of the growp) offegate morc than $! telhon annw- 
all) tow appleed research amd accowrs for appecnmmatelh theee- 
howrtite of all applsed revcarch oftisgatooers 

HES © Gee loamy supporter of app’ rescarch. exh = 
otenated $4 2 telhon © oftqgatees = FY 199" A large por- 
toe of Those moma sagperts roscarch refated t fe Pestment 
of vars Gecases. exchabeg cancer ad AIDS DOD 5 xx- 
oma! wath $2 7 bellon folkewedi ts NASA. 8) 4 belbon and DOE. 
S| S Pella Amnomg thowe four agemcecs. NASA Bead the lage 
pcrocmtags ware «6 ) peroent nm onflston-adeeweu dodiars 
@ applied rewcarch ofiqgatoms fetecen (99) ad 1” HHS 
cogrtcted fe soord Reginest percentage mactcasc. with 19 per. 
oot, and the lunges ateodete mcrae @ S! | belo 

\Rhoagh bech DOD and DO © heaktin excroacs 
@ appt cocarch oftqgators #8 7s aad carly 1. 
2s trmawroerd coowred @ the eed IRR Lo FY IS DOD 
tegatoes atc tated & fe %) percent bower m real term 
than me FY 1995. DOP S ottegateoms are cupected & be down 
DO percent betwen 1995 aed 1997 (Soe apgnemaies tale 4-27) 

Development. [here has Seem seo reel growth wm fevdera! 
obiegateoms for developement samce FY 199) (See append 
tate 4-27 ) C utiacks averaged an cstemated 3 S percent per 
wear between F Ys 199) and 19" 

DOD «= the source of appronemateh three-fourths of al! 
federal momecs spew on development In FY 199°. DOD o> 
ingatnoms foe development sere an cvtumated $29 | tril 
These furmis Quve heen falleng mm teoth current and comstant 
dotlary almost Commons arth ont feo cicephom smc 
FY 1989. the wear they peaked & ocarhy $M belloe 

The other agencecs that o®fagate more than $! belhon an- 
mually for dewelopencet are NASA ($5 0 Delon m FY 1997) 
DOE «$2 3 belleom) and HHS ($! 4 belsom) NASA develop 
mont obiqgsthees more than tupied berecer FYs 1987 and 
199. the growth rate averaged |! 4 percent per year @ rea! 
termes Gurwmg the tene-weur permed However a 9 percent com- 
stame-dotler decrease ss cstemaeed for FY 1997 There has been 
no cecal growth im DOE offegstmoes semce 19). Ger average 
ammua! rate of devi m comstant dollars eas 6 ‘ percent 
through FY 199° I real teres. bethe change bas occurred m 
the anemaal bewe! of HHS developement offagatnoess samce | OA 
aitioagh thes agem) ciperoctced 2 map Cipemeoe m de 
vebopemenr fuenieg durmmg Gc lote | OMS ard cart) | 


R&D Agency -Performer Patterns 

Most federal RAD funds are actually emt @ other «x- 
tons of the come RAD fuming rcistonsheps fetecen weap 
porting agemcacs amd performeng scctors are ecll-cxtabieshed 
ated tend to be fasrty stadée ocr me (Sex append tates + 
9 and 4-4) an 3 tout table 4-6 ) Examples of these famding 


relabomsha fod 


@ DOD os the sowrce of acarhy three-fourths of federal RAD 
momcs ypcet & aadustry “Scart 9S percent of thew fumes 
support developement work Teo other agemces NASA 
aad DOE |= prow ndic most of the other federal RAD dollars 
wabastry rooerves (interesingh. etek DOD's proportion 
of all federal RAD obtegateoms sisted for mdustry fell | 
peToentage Peoemts om the med- 194 NASA’ mercased 
Th MEET 2st 


@ HHS os the lary st sapporter of federally financed RAD 
performed at ameverwtess aad collages. accounting for more 
than half of al! fewicral RAD fumes recened by thew mst- 
tutors Im fact. oeost HHS RAD oftegatom support work 
performed em acachomes. pest under one-fifth os spent miter. 
mally mostly om NIH labeestormes HHS abe the largew 
suppher of textera! RAD furnieng for soeprofm organiza 
bem Approwermatet § peroeet of HHS offegatoms arc 
stated for wmdtestrcal {wm 


@ NS? and DOMD are the other bleadeng supporters of RAD 
comdbucted mm academe facthtecs Approwmateh &) per 
cent of the NSE rescarch buchect supports progects af um- 
verwtecs amd Colleges The balk of the romaender ms spit 
betecen offter monpeof lt organezataoms | ~ peroent) ume. 
sty-adeemestered FRRIN ss (6 percent) and mbewry (5 
pxToent) 


@ DOE and DOD sappty the mupornty of federal RAD obb- 
gatoms for FP RIM « More than half the DOE RAD bad. 
get os spent ot FRRIK « 


@ Unbike afl other fodderal agencees, USDA. DO and DOW 
end mow of thew RAD odtegatom micrnalh Vow of 
the RAD supported hy these agemcacs  mrsaon-onented 
and ss combucted om lsherstomes rum by the Agrcultural 
Research Serv nce. tie Natoma! imstetute for Standards and 
Technology (NEST). and the LS Goologecal Survey (See 
“Uther NIST Programs” and append table 4-3) | 


About half of all fewteval basa rescarch dollars arc spent 
umeverunes and cofheges [hes sector recerrs most of ts be- 
sx rescarch sapgpect from HHS (53 percent oe FY 1997) and 
NSF (23 percent) Peuteral offegateoms for basn research com- 
Gucted by pervate fortes arc Comcentrated m the research bud- 
gets of NASA (48 percent) HHS (2! percent) and DOD (12 
percent) Federal m-oune work om asx roscarch program 
es detrbuted ammomg several agemcecs. e eth the large por. 
hems comdacted fs HHS (4) peroemt) NASA (18 percent) 
amd USDA (15 peroemt) (See appemdix tabie 4-29 ) 
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Text tate 4-6 
Estrnsteci federai R&D obmgatons by agency and performing sector 1997 
wrtorme tole 
Ctagahors 
Oaracter of @Or8 anc performer $ ~aors. 
Tota RO eae 
'elera oOEme ahorstore: “as 
rosre os ws 
usr) atuesterec §* ROCs Me 
eres anc Cobheages ‘2m 
Lowers?) at-ewsterec §FRDCs 323" 
Omer cororctt oganwators SAS 
Norpro’ ateeestesc 3D s ood 
Tota tate esearch 4.372 
‘ere ofan alorfore J 
resrwey wos 1279 
rO.st) af-eveterec FF ROCs we 
Leen a Cokes 12s 
reeerst) atuewsterec §* RDC s 1s20 
Oe corcroft oganazmors 1270 
‘ororott atte vsterec §*®DiCs L«) 
Tote appeec esearch 14 44" 
‘eOere facture edorsfores $as 
rosie os 3.32" 
re.st) stuesteret §*FFDCs o- 
ele and (Otages 348 
Perel, afrereterec §* FDCs er 
her cororoft organwators ™ 
Nororott ateeewstewec = 8D s ‘oe 
ta Sewenope ert . 7 
‘eee C9an wre Ghorgiores aro 
ro.sre ors 23.9'3 
ras?) ao ~resterec *F ROCs kM 
eer bles anc cokeges ‘$3 
Lpyeeont) austere: © ROCs ‘os 
rho cororoft angarwatiors sas 
Seorcrme? atoeesterec §F ROK 5 “a 
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< Agere) or eter ators Oeeetemeert DO. Cegaartoweet of Cetera O08  Oaparteneet of Energy, §F8DCe - Sater) ted eeeech ant 
COR Re et of eat amc Sumer Sereces “AG “ove 4ercrauics oc Soace AGueermcr “SF. “tore 
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Federal Funded R&D 
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Soares 6 fogoerryg ~oostn | ee 


emicen fexieral dcpurtectts ad eden! agete acs eave 
ahocstorres free (the Department of Houseng and | rhan De 


velopment Department of Labor Agency for internamons 
vechogememt. Sees) Scourety Adeemestrateem and 1 Sie 
crnateocea! | cade ( oomemesssom) awe mome Al the tome of the 
ted. cach sfete Ned 2 cee ome foubero! Weheretery. ( alrfor 
one fond (ee coeeest eth 46 PF ewe Weeoemtores (ree rum | SDDA 
mi tee Be the Navy) are cuted @ foreign countrcs 
(tee 51S etorstorscs. ! had operatemg Madiget> enact 


- ~ i) nm the Sif 
ad operating Pemdgets cicecuing S108) melleoe 
SDA fad tfc Large! curn&er © ipo sore: 


Tis m ssX 


Sita ew =cTC STOR) meiiaow 
md > 
ve. e 
7* ORR wCT. 1s CONTE ae role? 
auh a mecdean operate beedect of $8) | oeibon om FY PSS 
the (M0) earwes. DD DO HPS. and NASA 
ormorecs accounted for 88 percent of al! fevers! RAD Ub 
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Other NIST Programs 


in addstan wv) ATP the NIST portioho mctudes labore- 
tory research and serveces. the Manufactunng Extcnman 
Purtnervtup (MEP). and the Bakdnge Naponal Quality Pro- 
gram These programs were funded at $265 aullban. $95 
mulhon, and $3 mulbon. respectively. m FY 1997 

Laberater) Research and Services. Scven ‘IS! 
vaboratanes and the Technalagy Sersces ongarazabon pro- 
sade tochmcal icaderstup for mcasurcment and standards 
The laboratencs are Eloctromecs and Electncal Engunecr- 
img. Manutactunng Enguncering. Chemcal Scocnee and 
Technology. Ptywos Matenals Sconce and Engunocring. 
Husiding and Fire Research. and informatan Technotagy 
lo provede NIST wath the rescarch cevwoament rogured 
for Ji st comtury secnoe. a ace Advanced Chemucal Sx- 
cme Laboratory » under comstrucbon. and an Advanced 
VMicasuremem Laboratory os planned 

Manefacturing Extension Partacrvhip. MEP » « 
astionwide system of manufacturing cxtensson 
vemiets These comters prov ade all anail and modwum-sare 
mnanutacturers om the | nated States access to industrial cx - 
tomean seryveces They also act 2s gateways oto a nctwork 
of techmecal resowrocs. serveces. and capertzec relisted io 
madern fest buses prachoss and manufacturmng meth- 


Text tatee 4.7 


odologeces Congress directed NIST to begun helpang 
wnalict manufacturers compete in doenemax and unicrna- 
bonal marikcts through passage of the Ornnebus Trade and 
Campettneness Act of | VES. «tach also cstatteshod ATP 
in Comtras! to the sokehy massan-rclated RAD agendas of 
other SA T-rclated programs. both MEP and ATP were de- 
ugned cichusvely to boos LS competitweness Seance 
|\9N9 MEP has made seards for catemsean conic: opere- 
bom coverng all SO states and Pucrto Raco 

Baldrige National Quality Program. [hc Maioim 
Baldnge “Navona! Quality improvernem Act of | 987 os 
uiireshed an annual Nabonal Qualsty Award © promaic 
searenacss of quality crcellence. to recogmze quality 
achecverncats of LS) compames. and to pubbcure sxx- 
cessful qualsty strategees The Secretary of Commerce 
and NIST were given respomsibelity to develop and ad- 
manastet the seard woth couperatpen and fimancial sup- 
port from the prowatc sector Awards may fe grven cach 
vear im cach of three categones manufactunng compe- 
mcs of subbunets. servece compamecs of subbunsts. and smal! 
busenecsses There were 5) gward eummers betecen | ORE 
and 19 


Estamatec federa! R&D obhgabons by setected agency and government iaboratory FY 1997 


Mihons of dollars) 


gore, Tota ®AC low at vans *FRDCs 
Tota sf agences es ee 27 68 ‘6 404 $24 
Ownartmert of Agrauture ‘== a? a2 ’ 
AQovtiur® ®eseerct Serwoe es LX 63 
Forest Serwce ‘= ‘s ‘s . 
Oenart ent of Comenerne ‘oe arg rt? ’ 
“ahorw mstete tor Sangards 4 lectruong, Se 228 228 . 
“ator Sosa § Atmosomherk Ac orustrator a 47s 67s , 
Depart ~ert of Deters us arn rere = 
Oepart ert of Energy Sams 37 od 320" 
Oe tet of saat & +ucnar Serwnes 72.785 268 = 270 
‘ators mstetes of seat tt 47" >= ‘=r — 
eogrterr’ of oe reno $74 8 Soe . 
sootage sn Survey Sas fhe oO 
arora Aeonacecs 4 Soace Ac vr rvstrator e272 i1°@ =" ae 
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(,X0}arc FP RDM s- The ochade ccecarch lefeerstorws. RAD 
sruvptowrw;:. studs ated amass comictrs. ated +\ abcess cng 
MCT +3 stcTit Mcgrath <<TMicTs 


rcs arc ogeTeio’g ™ fodeTs! apecticocs afd Cig fovbctal per 
‘ ectc ademnrstcread ® fusanceses un 
mc. of other soagwotl orgamzazhonm trough 2 contract 
| aaperainc agroomenm adh a foderal agen 
bederall | ended Research sad Dev chopmeat ( cater 
Tharty -cagiet 
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RAD cttagatooms tow thos 38 tacsimcs ate CAperted to total 
S52 Delon oo FY 1997 ato 2) perooet behow the 199) 
ieve! (Soc appends talthe 4-33) The doctene os a refloctan of 
the we ctall dos neard wond mm dctome-rciated RAD anna: 
Hod wath the cad of the Cold War bor cuampic. the | ened 
“aks @ honget muanwlacturc guckcat earhcads the former 
mame of wm of the Latargtames Thc 1992-97 redectaon 
abe reflects rommal of FER dowgnaton from theoe fa- 
he admnmeicrod  undustrnal form ifarmerh there wcrc 
oem endustr) -admenetcred FF RIM 5 aoe there ae wa) Ad- 
dreomalh unncmst). and sonpeof n-admuneicred FF RDC. 
oxpencmed fundeng cufhacks of 16 percent and | 4 potocm 
rowrmtnch SXeteoen 144) and 1997 

(M the FY 199° PPRDDC sonal of $5 2 ballon $3.) belbon 
sotigatod for |S amevoresty -ademamestcroed laharatancs $/) | 
~ibom tue the © man fy endustnal form. and $644 mullsan for 
th 4 Lakhs operated y aunprol a onganizatom 

The mow actl-inoen FIRDGs atc often rcforred wo as 

astumal lahormtanes These |0 tacehmes arc funded ty DOF 
Three wore ovsteshed Gunng World War fl spocrfcalh to 
dowgn and Meld gu boat ecapam. «a uthers were created 
the do. ado ommedkhatch follow ung the war to devchap com- 
mre appaaem of suctca techmobagy 

ites of the |U gatomal lahorgtancs have RAD cxpend:- 
ures that crcoed 45 Delbon They mchade Samdia eath FY 

wv" otigabens of about $60 mulbon Los Alamos $540 
olen. and Lawrence Leermerc, 9S) eudisan The lamer 
‘ee atc admemstictad \. the L anecrety of ( ahifoema Sandi 
» alrmenetcrod 3 satwedsary of | acthood Mart All throx 
tacvitacs rocotdiod major cuthacks oo ther RAD programs on 
the mad- | 95 (Soc appemdnn talc 4-55 | 

Despetc an uxrcasc m colighorsine cndca‘ors eth the 
wteade world (sce “Tochmodagy Transfer Actes”). most 

tthe work Conducted at F PRD + os stl deficase-rclmcd RAD 
funded t DOE [hes agency provaded an cstumated $3 2 bel- 
conn FY 199" wich was 2 betthc more than 60 percem of 
a!) toderal RAD dollars spent at FPRIDC. (Soc append tuibic 
4-33 ) Beteoen FYs 194) and 1997 DOE funding fell show 
) peroemt DOE os the spomsermng agency for 17 PPR « 

f atect atc sdmemestcrad  annecrwtics 4 dustrial 
tom. and >? iy momgwet it Team rates 

NASA nom ranks scoond @ term of RAD funds pom ot 
PRD 5 (0 captared scoond place fram DOD m 1995). as 
ry 19 RAD obtgatons are cxpected to total SR) oul. 
con The amount os down showt 3 percent from the FY 199s 
seve! of past ower $! Deleon. fut stat the samme as the lewels 
reported mm 194) amd 1994 Mow of these funds are net ot 
the agony s only FE RIDC the Jet Propulsson | ahorstory ad- 
menetctod t the ( abehorma imsteutc of Toctmodagy Thies Lato 
tatery. whech serves as NASA’ prencepal comter for acoder 


“The | 6 Uthorgnarn ac Leeconce Berkckes, Lom Alagme and (hak Radpe 
emt sor ows’ Guru Dorks Be fou arege and feed me iw 
ecaes Aepemm Heeetitgect Samdu Mashe { agemceteng | sere « 
 eormerr and Pat. Nortbece eft scrr crcmnd rece (686 aut 
* we adam Cam axe of Gackow wchmedag, and Ge \ote! Re 
swowatic fneng, | steer ett ea cutie & Comdat RAD oe & 
MCh Ce wero and em gees FPREIM ame @ Plt 6 OOM 
~ 


Onapee 4 US as weernanore Remarc? and Oevencgerare Funds arc Aarces 


Mc CAMorston © moe the Lanpest wngic FE RD om term 
of RAD femancsal roscoe. 

PEROM RAD oftgatoms t% DOD ac expected to be shot 
S70 emlheon ca FY 1997 Tosal DOD support to PPR + has 
hoon tallemg cvery voar wemce 199). and now stands af low 
than half of the 199) lewe! As monbened ane of the reas 
tor the Gocleme © the romemal of FERDC devagnanon from 
tres ondustr) -admemstcted comics howcvct funding abo 
tell aot UO percent ($465 mallee) at umeorssts -ademanes- 
tered FE RD. and 5) peroemt ($17! authom) 2 sonprofis 
otgamzaioms betecen 199) and 1997 DOD os the sneer 
OLD PPRDGs 2 adeetcred by aancrwnes and 9 ty oon- 
prot st onganerataces 

The other agencecs that snemear FPRDCs are NSE HHS. 
the Nuchoat Regulatory ( cemmesson DOT. and the Treasary 
Departmen Among the group amty NSP gnomes mmurc than 
onc FFRDC tow of as five comers arc admenetcted by am- 
veries. the fefth ) 2 sonprofe ongamzanen HHS the 
towrth langpest agency @ terms of FFRDC support, eth mow 
of as FY 1995 athyshoms supporting research performed at 
the Natoma! ( ance: instetutc + Prodemct ( ancer Research and 
Dev chopment (omcr atech  admanstcred ty fou diffcrem 
sO TaaTC. 


inter-Sector and intra-Sector 
Partnerships and Alliances 


Collaboration Among Firms and Across 
Sectors 


Caapetatne RAD 6 soe an emportant tae om the deve!- 
opment and leverageng of SAT rosoutoes for at least a de- 
cade 2 comibvnsbor of sveral factors has greath changed 
the roscarch cm wommenm promgtung the Createom of umict- 
and wtra-<xtkee | and micrngbenal «= partncrsdups and other 
vollghoratne: alhamoes and cnatting them to flownsh boo 
nomex jegal and cultural rcasem are reospemsstie for the 
groath m cooperaine RAD 


@ Economic. ( olishorstom athe 5 undn dual partners to bc 
verage ther rosewtocs. thes rodwceng costs and msks and 
cnating research vonturcs that meght not have heen un- 
dertaken othere nc in addon the mx of emicrnatbonal 
Compete tus forever Chumgod the plang fickd on whch 


CS commpames operate. calleng for ace approaches to m- 
Ton ato 


@ Legal. New aes have been cmacted to cncourage collahe- 
eben among COmpamecs amd across sectors (Soc teu! tate 
4-5 ) 


@ ( atteral. The tradmomal retuctance to work th research. 
cms on other orgamzahem: oth publx and prrvatc has 
gradually been rocedimg Attitudes bekc not mented here” 
amd an ant)-ondustr, teas arc far les protien than theo 
used to he Another cuamptc of thes Cultural change 1s that 
DOD « gow lookeng first to the commerce! sector as 2 
source of ace technology for ts melaan noods 
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State R&D issues: High Geographic Concentration and 
New Data on State Government R&D Support 


RAD > sutwtantalh Comoemtrated mm a small sumer 
of tate. a sold catrenched conf iguraton crested by past 
puta and pervate woctor chosces influenced ty mulupic 
coonomax and xecntfkx comadersbons 

One-hadl of the $177 belhon anew on RAD om the Uncd 
Mae © | VS was capemdod mw states ( ahsforma Macte- 
can Now York, Maxachuscts Now Jorecy. and Texas Add 
tre more statics) [mons Pommsytvarma Maryiand Ceo. 
ams Washengton and the propor bon sag to reo-thurds 
of the sabomal total ( These figures do mot mobude $6 bel- 
yom of te aatonal RAD total that cowld mot be allocated to 
odin dual stances | Onc-fifth of all US RAD funds « $ 
telbon. «as anemt om Cabforma alone in cach of the acu | | 
cadeng tates, RAD spemdang crceeded $5 ballon (Soc 
appendn tiie 4-55 ) in comtrast. the enalies: DD sates t- 
octher accounted for show! $8 bellbom of less than § percocet 
of the RAD combacted naporrende m 1995 

“oot oumoadontaih states Gust arc matsomal leaders on total 
RAD performance ato usaalh ramk among the lcadeng stcs 
oo @ustral and academa RAD performance (Soc appen- 
den atte 4-55 ) Of the || states that lead mm total RAD 


@ \il but Mary land ranked amang the top || @ mdustral 
RAD performance. Plorsda (| 2th for cota! RAD) held 
the | (th shoe 


@ \. bot Ncw Jersey and Wastungton ranked among thc 
top || oo academec RAD performance. North Carola 
and Coorg | | 6th and 2 Wed for total RAD. respected } 
rruade the Showt brat omstcad 


~ 
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WORN soomms to fe aocoengviesieng ots atyectrwes By the 
ond of |986. more than 665 RUN s had toon rogestcred. orge- 

fam wach as Somatech have beiped 1S aadestirnes re 
cae bcadershep om ghatal maricts for tagh-toch peaducts bkic 
<maconductes Although the annual mmniter of RJ. fring, 
has oa teascd om most veers sence the passage of NORA. the 
CM MA TCEcs BCT mM the Teo Most ProOoSe voers. omy hadermg 
an unprocedemted | !5 mo 1995 and an addons! 9 mm 1998 
Soe fegure 4-15 ) These rocomt mmcrease ona reflect acter 
from ATP partcepaten (Sec “Advanced Tockmolagy Pro- 
ram | Although date ac oot gvaslatic om Ger level of re 
MOTOS atewtod om those prosects. rcualts of Teo en cetagastaces 
‘Lenk | 98> and Vomortas 1997) reweuled the follow ung 


@ The erage summer of members mm cach of the 665 RIN > 
s appeouematchys 13 The merage gumiber of members = 
an RUN mcrcased to 2 meme of appemematch 3 om 


There 1s somewhat more sanatoon in the distribe- 
neon of feders! RAD performance Although ( alifor- 
mua ranks therd the top spots were beld by Maryland 
and the Distrect of Columiua, followed by Virgina 
These posstiams reflect the comncentraton of federal re- 
search facelsteecs. such as NIH. om the Washington, [C . 
metropolitan arca 

State governments have played an mncreasingl + 
important roéc in fostenng research Collabaranons and 
on beipang leverage RAD funds of in-state unmersates 
and industry They also spend an cstemated $2 S balbon 
on RAD actrees themscives ( Bancile forthoomg) 
Accordung to pectemamary data on state gowcrnmenm RAD 
spending wm 1995. Calforma. Flomda. and Peanmsyive- 
mua wocownted for the largest fundeng totals These were 
the only three states to indniduallh spead more than 
$200 mulbon on RAD. combened the three spent al- 
most $700 millon (See appendix table 4-54 ) Most of 
these Momeecs SoM! to support research undertaken on 
ow! nabon + Campuses Nabome nde shout $400 miihon 
*2s SPEND! om sac gowermmMent! agency lsborstoncs As 
a percentage of total state fundang for all serv .oes. bow - 
ever. states overall spent 2 somewhat meager 0.35 per- 
cemt on RAD In omb three states «Nebraska Kansas. 
and Georgia dad the RAD share crceed | percent of 
state govermment spending totais accordmmg to svail- 
adic pretomonary data 


\9R8 and then decheed » weteoguctt veers In 1995. the 
acTage momirstup eas shot x cr the wmallew some 


NORA’ pawnage 


@ The vast ouppoeet, 368% perce) of RIN members arc 
feof t-mahemg form Noageots grows om badeeg ann cr 
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Fede-ai Programs 

Much fas boon ereticn stuwt the bodetal (ancrmment 5 
changeng rok mm the do chopenem amd dep men of ace 
techmologees The postwar “spenofl” made! @ whack cer- 
tan umdusines ic g acrospace. Commpwicr. and bectechmol- 
ogy) Desh mech of thee competitive strength off the 
ge cramen s motment mo RAD has green ee to 2 oe 
moadc! omc m etach cundemoc © poemtemg to gresicr go - 
cTmmenm femet ts dered from the Comnme;rcaal sector 5 work 
m techmotagy developement than the other wey atound for 
cVampc tochmobagacs om the softwarc. J oempwicr scmecun- 
ductor teiocoummaumcatnon advanced maicnah and mane- 
tacturemg afcas that arc pusherg the state of the att oo |S 
mltar. hardearc and cguspencet ecre month dovcioged 
the Pere ate wxvtor 

Tike puts sectar Ss cvotveng rode om SAT and the upsurge 
” aactmatonsl competssom faced th LS fum has ied to 
ahothet Change m etach the po cramer? rs takung on the rode 
of “partner” rather than merch) customer @ federally) ap 
pectod SAT programs Semcc | OS) scovetal ace peogram tune 
comme ato teung. afl eth thee mmapoe pos! of han ung the gos - 
crime partner wath the pervatc sector to strengthen the | S 
Persetace) om emicTmatacms) maricts for hagh-toch gowns and scr. 
veces Thess mew approach to techmobagy devebogencet and de- 
phe ment em bades the folkes ung guadcpents 
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rocenec pultx sctor supgert 
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@ The pervate ctor show have 2 mapper role @ progext «- 
team amd management focaus Comma grveth and 
ees | thee uaen benefits of RAD commerce ae 
the rode of the pervate octer (1S DOR CTP 1998) 


bt stead be noted that although these ace puta -per atc 
partner steps account for anh 2 wall porton of total federal 
RAD ancstment @ techmodagy the sccm to have broad @ kc 
ecad suggert wether the pervatc ect * 
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cApeTumest Matom amd NASA>s cochan acrotatxs pro 
gramme. havc always staated thew rescarch «ath the per atc scx 
toe set alter ( omgross passed several ives. echedeng the 
Mov cman Wedler Toctmetagy immoatom Act (1980) the 
federal Tochemokogy Tramefer Act (1986) and the Natoma! 
( ampettinoness loctmobagy Tramefcr Act (1989) other agen- 
<a @erTe geen the po ahcad to open thew lathorstory doors 
Sor toa! tlte 4-8 ) bn ack Rocause of expect cutihacks 
amd 2 view @ dcteme-tclmed wort. foderal lshoemones 
havc ah COR greater moentne to stretch thew resources 
‘rough partectong «oth ewdustr, acadcmmsa amd stzic oegam- 
fam te eork on Commercial smeperod mutastines © 


Growing Pubic Private Cooperation 

bindomoc of gros ong Caaperaten hetecen federal labuce- 
tomes and Prrvatc socket ontetacs can be soon om the geen of 
uiperatine roxcatch and devchopenent agrocmnonts (C RADAs) 
cxocwted = the paw few woars Those formal agrocments 
ecte Created h ( omgross amdcr “the telect tht federal isho- 
‘mhorecs tev! \ ahuaikc toctmekagecal aeects amd tht thon 2s- 
sts showhd he axed mot am foe parsueng am apemcy $ Mmrssson 
bet she to agree the Commptine poston of LS fire 
LS DX OTP 1996) These the parpew of CRADAs « to 
tachtutc amd cupevietc the tramfcr of tectmodagy from fed- 
ote) lalkoratomcs to the per ate scctor by crasttang peratc scx - 
tot reoscarchers to geen acoces to and take advantage of 
ow cramer RAD copcriee and roscoe 

tietecen 199) and 1985S (tie eee rocemt wear for whack 
dats orc weankatic), 512) CRADAs were coccuted The 
nas! Qumitcr of acew ( RAD As more than dowtted betecen 
72 and 1994. goeng foo pest ower SD to more than | 1 
Hhomevcr the semua! guesicr of meow agroemonts fell the acu 
oar to pest ower | 18RD (Soe tout table 4-9 | 
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Dearing the 1992-95 porment DOE cxccuted the largest oe 
ber of ecw CRADAs (1) $53) followed fy DOD: | 0) ) DOX 
(412) and USDA (270) inecrestenghy. every agency cucepe 
DOD reported 2 hower suenier of ace ( RADAs cxccuted @ 
1995 than wm the peeveces wear (Soc tout tale 4-9 | Caowern- 
Mc ages soem to he hackong segs from thew agree. 
Tews om Comtrast to the cart | OH when there was 2 trong 
passh for thom (Larson 1997) DOE head the largest sbeodutc 
roduchon m ace CRADAs 2s rocem budget cutbacks icf 
decreased suggqert for ace agrocments and prompted term. 
naton and «along back of cunteng ones. capecalh 2 DOF 
wcapors ishoestorncs | Tochmmcal imaghts | 9) 

Abou 7S peroemt oc 749 of the |) 1995 CRADAs 
eecre cuccuted  ondn whual eadestria! forms Comet and 
ROMO CMe orgs stems were rowomnutic for 8” um 
verwies, 8. and state and hace! go crements. | (0 

The total quemier of pervate sector partners oo the 1995 
agreements wes OES | D4 orgamuratoms crccuted Mo of more 
CRADAs darmmg 1995 

The US Coumecsl om Autommotrwe Rescarch stock repec- 
semts endustry + rode om the (lean (ar Agreement tetecen the 
( Isstom Ademenestrataan and the “beg three suto makers ( and 
ns responsi: for RAD assumed «th the Partmershep for 2 
New Generapee of Vebecies) ~ cuccuted 3) are CRADAs 
om 1995 far more than ay other pervate ctor porter (Sox 
fogure 4-16) Gaemeral Motors eas 2 destant cond wath |‘ 
folkoacd Dugger auth §& and the | arent of Mary tend 
euth 6 foe compares ATAT. Chevron Marte Maroctts 
(aoe Lockheed Marte) and Si Demand Techeolagres «= cach 
crccuted fine agreements and soem oegamzshom crccuted 
fom 
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Federa! Partnerstups With industry 

Teo texkctal toctmokagy partmcrabep peogram ecre started 
m the 19 DOCS Advanced Teckeology Program and 
DADs Fochmodogy Reseeestment Propect (TRP) The perpen 
noted both programm eas to sper tie Govckogement and dc 
pes mont of hagh-ersd cratdung tecimobogecs through am m- 
dustry -driven. cosmt-sharmg process. etecrethy iedustry 
peogemed the rowcarch amd supped at boas half the fumdeng 
CF the @o pragrams. onby ATP carwewes. and os bedget eos 
harp. rodaced @ | Wes 

Advanced lecheotegy Program \)P em deugned 
mt a 2 cotalest for the developement of tngh-mmd tec mado 
cose that func feoad applecateoes amd the potential! for Largs 
coonemec eapact (LS DO OTP 1906) bet few feuteral 
RAD programe havc spartod as much Comtrovcryy as thes crc 
‘Nouther crvcean aoe prance for ATP arc om shoet cages Al- 
thomagh the program came mmto eeng (as part of the (hme 
Trade and ( cengetetrvemess Act of !GRS) auth cutstantsal h- 
partesem supgeect. «¢ fas comme amder attack m rocemt fendgct 
detutes The Reqetiacan-ted ( congress fans feet caget to ret 
owt 2 program that peos ades fevieral rescarch avsestamee bo cor 
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pocateces «= AT PS sarveval os largely) attrebetaiic to trom 
tacRomg from the ( lemtom \aemonetrateon amd suggest fron 
the hagh-toch team, Joemmmuety \Miagh (ego ans! 
cfloets te clhemenatc the pragram have vet to wxcoed ATP 
beadgct eas cut by a ther om 1980 bade econ kev! @ 
FY 1997 ot $215 ellen, shone 40 perceest of NIST $58! 
mation om apgeugeiatcd fuming ~ 

Hetecen 19) and 16%). more than $) belloe = publx 
and prrvatc fumds wcrc wevested m a total of JES ATP 
prosccts 184 geard: to wmgkce apphcants and 104 to poem 
vemtures (See appemdn cathe 4-3) and fogare 4.) | On 
shoe 10 percent of ATP peogemsals rooermc fumdeng 

The government 5 share of ATP ss chosung om om $! Delon 
etek pr atc sapgert rs singhth ates the belle <dodhar mut 
The 184 sanghe-apgiscamt progects hue 2 total famdeng bevel of 
$468) omallleomn auth ATP tumds musheng up sieghth mec tun 
half that sect and Coemparecs pros ademg thc rtm per. 
mom The scrage geard sarc actoss sanghe apgacants and pours 
vertures os $3 4 clio ~~ The 104 goers womtures hae 2 total 
tumdeng bevel of $) 4 belie =| auth pew cect half of Ghose cers 
peu ado Ps peratc sockor partacgnants 

ATP rum reo kumds of Compete «6 goncts! and faced 
( coRpamecs of COmeortea Can saber propels foe saggeert im 
am tecimodogy arcats) om the pemeral Comngetetacen. ethebe thc 
focused Commpettaom arc foe specif tovtimobagacs The furad- 
im spe hetec]ee the feo NES of CORREO ms shot &) 
(4) (through 1995) Progenals arc sciected through 2 pect re. 
vee Process and are paged om both thew techescal mere and 
thew potertaal foe coememercual ecco ~ 

ATP has umdergom: cutemnc oabustom NIST- funded 
case studees and serveys combected a few voars after the 
peagram + mocptan revcahed ATP s sacoces m fostcrumg hagh- 
res rescarct that would mot havc been attempted others nc 
(Rher benefits were rodeced teme-to-marict. acockeraied 
RAD tome tables. poh createon. and the formatroe of stratc- 
gx RAD allamces The fell coomemmn empact of the pro 
gram eel the crsmened om futurc studers. 2s more Progec ts 
commpictc the RAD phaw and roach commercial dev chop 
mem it S DEM 1oes) 


Bax meee STP me 2 uric of fetorat Somdng ber Kc temedegee Ary chegemene 
Qe Sewete: Ge pee eee | ood Be goat de met fee te Oe coped of 
te rewcerc®? cowl @Qaeed cue Jcmadkr ATP te a bem of Corperm 
ect) f Ge egy cere we Gee of fhe QeecTeeer he 
emgertaee tok te pip. ot Swacreng mefetr cengete ome: Samberg * 
ae? Cae sows tet agg © fet pei cgger 8. amy} ome a 
woxae ATP pag 0 gap Que wed me |S tec? ner atir & heege 
vomgenmscae Thr meer of xa oe orferneg te fe per te: Gut Be 
toders (excrmmrce: Tadtems meteal « tami cow ao fp atety 
PC) a aan meee Cue. Seog emu. ub ad 
tage of Ge concer? cowl @ ete cow & Geo MSN 

“99° emMece co reeset frome Ge $2 )* seelfees apgeeqeumed ter 87 ok 
Qe actual FY OF" Geeatieng ewe! $2) * celine 

Tie Repeee wcad cree wees 8)! elie tee pee weer §=Sengie 
2% Bee ae ed) 6) eee MSN oe 


* Steet 2* 497) geet: ae cteeeian’ @ ocompirand) «@ac® ecem @e 
ATP sumded CAL) te tere Qo Noeetel tuec pene’! ‘ewe preeta®, 
area @ Ge metoptas (WSN PO 


e t@ ~eneer 4 US ow reewleorw “~eeewr™” ac enorme’ * Os evi Abo 


a ~~ & 4 : - . _e a 
_ heh) CN CT. Le aR 2 ‘~. . : CVs 
wm, 2 » Crk 7 o “« . 7 e ny” cece 
i re = 2 “sc YC AR S ' ™~ : <T. ls 2 

ts wih - ~~ ~, a! —" ‘ -- m tw > 
TY wa at aT ™~ CURA < rian Uc re ~—> 2 
[EectT SCM A vce gear’ cy : x .vix 

rh=ecye _- —< tea? Ta Tm i rsa 
~_o re or : a ria cTsS rere u “ ~ - 7 CTW < 
“—T - as = J meretris ff aye. CY 1 ec r 
Ce oT teracty 5 froc-cruarict +5 shc a .. een? 
ad «< cfloets carta ™ GO x 


~~ oer ule + gra 
owe tigers ocat 3 ‘woes for ate) Gotmetiraic Sc aro he mm Tee a hg 


- 
. 
— 
: 
: 
e 
- 


au 


awe 
alr ot 


” 2 


"—s 


~ os ” > - -e 
: TL Ge POM. ATs Tro “ Trace 
- Ty -_— —_— “ . — 
- *s > . . a“ ' « >» > s é ‘ ¥ > 
° “Ts — 
- . . 
az. boas - « e* . > “ . : . —s 
. ~ « @ 
s = e ~ ~ o- ‘ * > . 
4 . ' = eS : 5" * x Sis * = Ts 
e ' > _ . 4 
Tears x =a © ma a 7 CUETO tae es 
. . <3 : 
‘+ _ 5 ™~y ° " ; “ + d 
ry ’ ' ‘ <0 
, . , 4 « . “a, ca . " * + & - _ 4 ‘% % - 7 , - y 
>. . — {a " ™ 
+ . om e ¥ o~, a ra” : <<, : 
~~ » ~e . a ' Cc - ' - a, 
: “7 -_ .\ aL $ ~ . ‘ . ‘ 
~- -* - > ~ 
“wT. " - - ~ i an) _ ‘ c-~z ' ‘ 
. . = - 4 —_ rr" a ~~ A rigs > my « —< 
> 8s . Pe . ~Y ET a a xe "hat : . . . ‘ 2 mime, 
> = P ¢ ” ‘ 7 ‘ > “~“ *” ; 2 eo ~, 4 — — - i ~, 2 “4 


e _~ 
> , *. ' 4 > 
Iefemse-Retated Pregraan > ~~ * . : : 
‘ ~ 7 | ~Y - ~ . - ° * re 
8 ~ . : 


S|) pecgonals were schected fow famdeng @ the 1997 com- 
ae 


There my she 1 OV" fumndemg foe 2 therd dual-exc program 
The ( commercsal Tectmobdagy imcrton Program wll prow wk 
appeoematch $7 5 oalhon @ FY 199° to adage 5 commemer- 
.aa! sagmal procoesamg tectmodagy to the APO-63 Rade and 
> quai) mactocky trom ameca! scmsots foe asc ot mobster, 
+> SacTis 

(her bederal ( eoperatnve lechastegy Pregrag. | thc’ 
Lange of poe crmment-cndestry -scadema codighoratom 
om hake Chowne oad wander the NSE - fumed Scacmee amd Tech- 
mobogy CC omtets and Seperoommpeter Comters and the Cocamt 
Uppectametacs for Academe Liane «ath imdustry Program 
Thexe programs stemelate micracthoms among mdustiry 
nado sad go crement moth through perwene! c1- 
change | whack are offen sdewesfied as the mow cflectnec ua 
f Crameferremg knoe hedge across sectors 

(ons Suttemg Adimamevtraten aetaatn cy hun ah promoted 
mact-scvtecal collshoraton for cuampiec. semce 1991. the fod- 
cra) H.gh Porfermamc ( ommputeng aed ( comumscetons 
HPC) Program has hoon rospomaitic for long-term RAD 
e ahwmce comngwimg (ommunecetom aad mformate 
covheotegees The Nout Ceomerateon interact. eftach os part of 
the HPCC tate ms Deemgeng together escrs. acteceh pro- 
vader. and researchers from al! sectors to develop ace act- 
works amd ad) anced appar ateoms toc fmodagecs. ox hang ace 
meoitemedisa sory ences for hoes. «feeds. seed Dasamcescs ( Sox 
teapecr * 


international Comparisons of 
Nationa! R&D Trends 


\mecdute love of RAD cupemdtures are endacators of the 
hecadth amd woope of 2 mateon’s SAT actrvetacs “ The rcistrve 
tremgth of a partowler country + RAD cffoet os further antb- 
ano! Thrceagh Compas eon eth otic mapce endastrabued coum 
trees Theos scxteom pros adic sch Comngaarrats of mmicrnatecess! 
RAL) qnceadeng paticrms ft cuamumes steodutc and relate cx. 
momdterc tremds Comtrasts performer amd anatce arectursl 
padictim. ceveces the face of RAD actrestecs. and looks at go - 
cTmmctt proorvtecs amd peviacecs WV hekr RAD performance par- 
tert: DA wxtor arc guetc smile across Commtmcs matecesl 
oamoes of sagport difficr Comaderstt) orergn sources of RAD 
func heer saree @ practical af) Coumerncs 


\ USS) gprocmet «of see shes prem Commracters te agg Gow emir 
memo HAL) Samed & 2 oe tur meee Se | beicpemdrer Or 
oat amd De ceogemcnr Pree atm Seem Lirtom: § onder 

“Tie C40) Ay protec’ Sete tor Qe mae metre Comme wc 
tems orm coer) Be | gates tr fom ( ogeramee anf 
Lavotopemeer CRC DL, etc? = Ge mew chatter aece of ax? eerree 
ore gare 8 Lar tag Gogeer ~ cme (turer Ber 
PA) ata oper > (8) eet SGierers @ geri peat sey 
ower aecteng ter FAL) OP came me mere Cut a comuand © 
percetmage pears (ISPS F)) Reng? RAD) Gens for mee CD couerers 
owt ep eek) mete aed came Commer mum of Ox iow & 
ee wet me emg cuttin feo mak aca. mgr comet, 
=o me pe tow cca ome Gee BAD aunt. ower eared 
tare Note en? ate ar orireen od etter Qe (taper 
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LS beaderiup @ terms of fan! enon = RAD 
compared to offer Coumtine romans langehy) wx fhunged from 
a decade ago. eu the LS RAD otal mcarty cqual to that of 
the meut sax Larges! performers commenced \ wtually all of the 
map RA D-pertoemeng Cowmtncs Cipenemd 2 ke mg © 
the growth of RAD fumds m the carly | Oh, and mot com- 
tamuac to fect the fmdeng pemch Tine | meted Sastes and Japan 
man te crceptom. cach roportemg segeefaxcant axrcacs © 
RAD actrvaty for 1995 


Total Research and Development Trends 


Absotute Levers 

Wertdernde Devtribetee of RAD. [ho sore nk Gurr 
buton of RAD performance & Comcemtrated m several ude 
trashed sateoes * Of the apgronmemuatch $410 belbon m 199% 
RAD cxpemderes cxtemated for the 2S Ongamesatoon foe foo 
nomex ( o-opetatee aad Dewchopement (OCD) coumtnes 
percent s cupemded mm pet seven (OCD 1997D) Thos co 
mutes ate based om reported RAD) an cetments (for both de 
fomsc amd crvvleam propects) commerted to LS dollars eath 
perchasng powcr party (PPP) cucthamge rates (Sex appen- 
dex tabic 4-2 ) Although PPPs tectmecally arc not cqunvalicnt 
to RAD crctummge rates. they better reflect éfferemeess comm 
trees latoratory costs than do market cuctnge cates (| MERs) 
(Sec “Parctaasamg Power Partocs Preferred E achange Rates 
for ( cawerteng Inecraspons! RAD Data) 

Tine ( muted Stgtes accounts for romgiths 44 percent of the 
omdestra! eortd s RAD om cement wea! ad Coote &) owt 
@estamce. by cuore than ) to | the rescarch ewestements mud 
m dapan. the second largest RAD)-perfoemeng country Not 
om Gd the | meted Sates qpemd more moe on RAD actr 
tars om | 99S than amy other Commer). bat « ah spent show 2s 
cach by ectf as Ghee teow of the uae destrtered “Croup 
of Sever (7) Commins: comibensd = Agpan, Gorman, Frame 
the Ueeted Kmgcoen, ital). aed ( anemia (See apgemdin. ic 
4-4) ) be ont) fous other commences | thee “etheriands. Acwre 
ha. Seerien amd Spee | do RAD cuperadtures crceed | per- 
oom of the OBCD RAD weal (OBC D 1997) 

Wortde nde Showing of RAD Spendtmg 
moor S ©" commences was egeevalent to 9! percent of LS 
RAD cxpemdtures that voor. chembeng stcadkh w peak ot 1” 
percent of the LS otal me 199) A workdende soem = RAD 
performamce mmecer pronounced m other Commies thun © the 
Lemed Sates flowered 1995 RAD qnemdinyg @ thew wt coum 
tres to 105 percent of the LS weal (Sec figere 4-19) 

Total RAD cxpendsturcs stagnated of dex lene im cach of 
the lange RA D-perfoemang commtrncs om the cart) | MHA | Sex 
fopure 4-20 ) inadoedt for more than 2 decade. these (> comm 
ones hanc desphaved semeiar aggrogatc RAD) roms ettunte 


“we Gr cheng carta he< gerat coger? Ge eve! of nate 
cower Ge Gre & on dae cower t cee neice Oe ere! 
ma mma of hoe Aor, ema equi, 6 fem up mae 
rete! coum fee cramp Naw Bere sce) Que tee mak Coe 
aber and. oo Ogemdiey © Gees BAL) ee Oem gen teas 
$ > Seliecr armas 2 fo qgure coger aietr sweet | Nee Me Ne 
tow a rrvare of Korea: secets cforms cronies 6. fem Cem ant 
wotmotegy tee aor OCT) Ome, 
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Purchasing Power Parities: Preferred Exchange Rates for 
Converting international R&D Data 


(omparsem of mtcrmabons! stansmcs on RAD ac 
hampered by the tact tht commtnes RAD capemdtures 
are Gomomenuted, of powsh @ thew home curren Teo 
ageroaches arc Commoeh used to normalize the data and 
tacoltate aggregate RAD comparsoes The first method 
» t dwade RAD & GDP wiach results @ odecators of 
relate cffos? accordemg to total ccomoma actewty The 
<vomd method to comvert all foreage-denomeated 1 - 
pemdotures te 2 semghe Currency. wach results a endacators 
of sbeotuec effort The few method « 2 sranghtforward 
axulshoe. Sel permet anh grow ashonsl compernaum. 
Tike sxc ometince permet: stwotutie-bewe! Comparrscms ana! 
amalysecs of Commancs sector. and fieid-spoorfx RAD o- 
vestments Sut conta fort chhooseng am appropeytc cur- 
TCM) COMNETSeom sores 

Became for all practical perposcs. there arc mo wadely 
aoepted RA D-specifx cuctmge rates. he chosce ss be- 
recen ouarkct cichamge: rates amd purchasng powcr par- 
mes Thee are the om somes comsstemth compeled and 
latte for a large suenier of coumtrecs wer am extended 
per! of tume 

At thew best, MERs represent the reistrve vaber of cur- 
remcecs for goods and serveces that are waded across bor- 
ders. that os. MERs measere a currency’s relative 
mernataoma! buvemg poecr But szabée porbors of mos 
owning coomomers do sot engage m@ mticrmsmonsl a - 
oot) and mumpor fluctustors om MERs greathy reduce ther 
“atntcal anit) MERs also are wulmerabie to a sumer 
of @estorhoms << g  caurremcy specudston. polstacal events 
wach as wars of bovootts. and officual curremcy mtcrven- 
tnom hat hae betthe of mothemg to do with changes m the 
"clatne proc of mtcraspomally traded goods 

bor these romsoms an aliermsinve Cuter) comermon 
sence PPPs tas been developed (Ward 1985) PPPs 
ake mo accomm the cost dfferemces across coumtnes of 
oov amg 2 semmeker basket of goods and services mm Summcrows 
cxpendtere catggomes. mchadeeg somtradabies The PPP 
humdet ms therefore repecsemtatne of total GDP across comm 
wines When appieed to current RAD expenditures of other 
map performers japan and Germuamy the rowslt os the 
ware PPPS rewait ma substantasihy bower estate of tote! 


research spemdeng than do MER: 25 shown mm figure + | * 
(A) For cxampkc. Japan's RAD @ 1995 wesked $76 bel- 
hom based on PPPs and $14) tellom bawed on MERs 
German RAD was $38 dellson amd $55 bellon respectrvets 
US RAD was $18) belhon @ 1995 

PPPS arc the peeferred mectmstoces! standard for aku 
tatung cross-country RAD comparneoms and arc used io al 
offical OECD RAD ubulsamoms Abough there 5 com 
saderabte Gffcrence wm what ss ichaded @ GDP-dased PPP 


gems and RAD cipendsture Gems. the major Compoecnts 
of RAD costs fived assets and the wages of contests. 


cugmmects. and support persommer) «are more sustatde 2 
doenestx comverter than to ome based of forcign trade 
flows Exchange rate mowemnents bear ietic reismomstep 
to changes @ the cost of dormestcally performed RAD 
Thess pwoont os chearty desphzyed om figure 4-18 (B) and (C) 
Wher senea! changes = Japan's and Germany § RAD x - 
pemdteres are converted to LS dollars wath PPPs. they 
more om tamderm eth cach fumdeng demommensted @ thew 
homme curremcacs 4 (hanges @ dollar-<denommated RAD 
cupemdsteres converted wath MERs cubsbet wild fluctua 
poms umrctated tc tee RAD purcinzsang power of those m- 
vesements MER caiculstioms ondscate that. beteeen | 95) 
amd 1995 Germ end lapanese RAD expenditures cach 
macteased mm three separate years by DY) percent or morc 
in realty. sommemal RAD growth never cuceeded | 4 per- 
comt m esther country darmg thes period 

Worse, MER cakculamoms often rewslt m the wrong &- 
recon of umpleed RAD chamge Japan reported redux - 
hors @ sommemal yer RAD mm 1993 and 1994. bat the ce 
of MERs resulted @ posetrve growth rates of |) amd § per. 
com. respectrvehy PPP-denoemenated RAD was apgpropr- 
atety mogatrve and flat those Teo wears ( cowervet). hapan 5 
MER -<demvenemated RAD cipemditures deciaed = | FE) 
as Gd Germany's @ 1983, 1984 1989 and 199) Ver the 
homme Curren <demoenenated RAL) cipemdtares showed 
postrve changes m cach of those years The asc of MERs 
here 5 ods owsh mmappeopmasc PPP cabculstmoms rewlt 
general powtn< annual RAD cipembtr: changes the 
are shea comaderath) closer to the Cowmtnes actual fumed 


amy pamerm 


 perwtrve RAD wremds om the | meted Sastes ad Japan. «fer 
aflatom-sdpasted RAD sgeemadamg dcx heed for theese Comer 
tre yours begenmemg om 199) Thee same gemeral peter os tru 
for Gee Uneted Aengdoen and italy. where real growth = tie 
VMs gre em tw declemeng RAD cupersbtures. big om 
ax own eral! inflatwer ( obekc om the | oted Sates ed be 


nf lata achesteu RAL) grow th = er cart) |S tothe 
h 2 pemerai tapering off om tie tate | OR, then ieveieng off oc 
dex fone real RAD copemdturcs pte the | bore cost of 
tho COMETS rocewsects atl gemers Peabgetars 
Ometrgents omc eth eadestrve! ated ges creme sce of 
RAD) sapmert acs factors (omerseted to fhe mane rere 
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techeotegy developement (Sec fagure 4-2! | In Germany. the 
rateo has fallen fromm 2 9 percent at the cad of the 1SEi. be 

wc towne! cateom. to as current level of 2 5 percent Thes pat 
Tm ms Get. oweewer. coetracted te Cecrremems fe fect. tee betes 
RAD GUD? rote m= cach of he G- commis 6 oo hagict 
come than © was af the start of the 19M For cuampic. @ the 

ote’ Aegon and Pramce. RAD GDP rates appear w have 
dnfted bac’ from recent peaks to] | and 2 3 percent. rospex 

veh) im Ital) and ( amads whack sho fae faced coomomax 
smu bexdgetary comstramts. the RAD GDP ramos leveled off 
ut stout perocem and | 6 peroemt. respectiveh 

im the L meted Sates. RAD’ share of GDP somelarh d& 
chaed from 2 ~ peroent m 199! to an cstumated 2 4 percent 
74. before chembeng Deck to ap cotemated 16 percent 
Ww As detashed carter m the chapter. mow of the mcreax 
en RAD «= dec w mxrcased support @ the ebestrea! ctor 
peur M ckxtrasl cquapenent and trampertaieoe cgum 
mem compamescs (Sec “Indestrul Rescarch and ee 
mom ~) Semelarty om japan the RAD GD? rato fell from 
percent oo 19) tw 26 peroeet @ ICM. before Treamg fe 
percent om 1995 * Both eadewtry and gowerement were re- 
spomuittc for repewed sagor om Japan's RAD spending woth 
Japan s 19 Sconmee A Tochmodogy Plan suggesting 2 dow- 
Memg (6m Constant yen) of the go crament s RAD mm cstment 
hm the woor WHE NSE 1997U) * 

Severe RA D Dew asasiag (bo mm Smmalier ( centries | hx 
ket) cewerss! of furmdeng tremds om the | meted Sestes and Je- 
pan mote tistanaiemg the rooent showdown om RAD spemdeng 
has mot foen Conf med to ORC Ds largest endastrialired comm 
times RAD growth dermg the 19 mm many of the smaller 
of tows tec hmotogcaih advanced f erop]ean Cowmtres kas been 
oer than (he growth reported for the 198 Theses os par 
txcwlarhy trec among Eastern ft uropean countres and the 
former Sos act ( mom efiere marict Comoe tramsutoors hove 
mov cewtated sv cre marict and eadestr! adpostrmeents. accom 
pureed MD coven more severe dow muzing of RAD sctrvites 
ft wrogear ( vemmrssaon | 4s 

The RAD CDP rates shown for Rewses and vera! of the 
forte? CONE states (see fogure 4-22) chearhy show the 
scTall decieme m thone Countncs oxigenoes RAD capadeh 
tes semce the coda of the Ses ect Leon Morr recent cf 
forts to stale te RAD mfratructure are sho apparcet 
the fopwre Podamed Humgary. and the Rewsean Pederaton cach 
copend roaghtty 0 7S percent of GDP of RAD actrwutnes. for 
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xerowt he m~wrictr ihe 6 O® 6p serceer ter oo 

Sema? got oe kage 8A) geting om cmomgh Rew: & 
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the ( noch Repebtan the RAD CDP rate was shoot | 2 per 
oom m 1904 

Nota) atetiicr the os crall ccomoem ha beer grow ing 
stromgh) (a5 om Podamad) meosiowty (as om Moray and 2. ( noch 
Repultx ) of perth) (as om Rewes) RAD cipendetures have 
fallen as 2 share of CDP Although theve gowcrnments appear 
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Mromgh matrated to makc meirtutooes! farmers that fostcr 
pervate sector SAT e~evements total RAD cxpendtures com 
tome to falter Thes corcumstamce ss perth cupdaened & howd 
img at the Compesetoor of mdhestria! acters ty om Ghewe Commtrics 
The more secocsfel cramptcs of prrvate sector growth occur 
m ombastrws! sxtors ehere wall Paseecwes offer perform 
better than larger state med enterpenes (CEC DD 1988) Yet 
swch forms schdor have acoess fo rowouroes om a wake large 
chough to permet heavy RAD eestments ( ceversch. the 
larger state <me med enterprises hue form mere CommeeTaed & th 
acceded restracturmg and Ge musing thar ecth cipanding 
thew RAD cipendbtures 

t flects co RAD of Rewss s | comemnx Restructuring \. 
rcemthy) as 199) RAD accoumted foc sheet ) perce of the 
USSR s GDP wath show ) sercent of that emcee cop mie 
on defeme-ccluted actumes (Cothbery. Pook. and Gacy 16/7) ~ 
leds. the cost ahvanced aspects of Se ct RAD cfforts were 
wikcrtakhcn © state ned cmterprmcs dovoted & maton! « 
curmty much of te romemeng RAD eas perfcemed @ other 
urge pute eudevtna! esttutors © append roscarch fick 
thet criggged defemse comcetm Vhew of the Pea rescue h 
ea anal Comtumars to he @ oagecctimg fickb 

The om@rowkacteon of a marict ccomomm t Russa broughe 
set Gast cCOmomA rowracturimg that we 2 sharp fal! im 
the downers: of state <se med cntetprmes a eci!l a ema 
age @ veal GDP down 38 percent from 199! w 1995 Tho 
vend m turn brought seat map RAD) demusing wath 
real RAD cupenebteres 198s bows he one-fifth of 1 
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covets ae! eth ae RAD CDP cape of abet 0 percocet Re 
flectomg the Lack of core Dendigets. cutee rowcarch entitutecs 
mac foce checd ok hang mam ectl-cguapped hor ato 
mcs of (ke former mcietary -cndestreal compen | acd am oe 
mated 4) peroceet of aff rewcurcicts from 19) to [OM icf 
thor ge creeecet RAD laborstornes for he commerce «x 
he of Tetercmecnt of for offer noma mchadeng cimgratam 
(efemec gee accoumts for ahowt 06 peroeme of Reewsas + 
weal RAD 2 share coemparaiic to that @ the | meted Seates 
\ccotdemg to statetas tohcwsed tie Rowen Venestry of 
Sere and locheedogaca!l Poly. vcrall gs crmment RAD 
makgct appruoprutorm aoe ropeocet show 0 74 percent of 
CDP theoe-fiftts of whch goes for cn than RAD Ie 199) 
the commparaitc fepures were | 8S pero of CDP omc-hall 
t whch eas cre (CSRS 1997) In ca. comm. the Rew 
pectoment > 194 RAD fang ea onh one-fourth of 
that me 1) As 2 comegecmee. eee coterpeme fx 
og fas oceeer exrcewngh enpectant m the Rewer bed 
cTateom. as fe RAD fumdeng from foreign rescarch centers 
ommemet nal Coempunecs ataf intctmataonal of panes star 


Nondetense R&D Trends 
Abdsotute Levers 


The pete hac of GRE GON CITEMEREs om COOMERA COs 
mttncnes: aad joommerceshzateen of rovcarch rowslts he. 
stu fted atonteon from autem weal RAD acter. dacs to moe 
tome RAD) cupemebtares a odcutoes of cocntefx and toch 
aotegna! strength © ladecd comcbewoms drgen show 2 
country» relate: stameng ou dffer dramatnaih depersi 
mg om whether total RAD expedite ae comedered of 
ehether dcteme -rctated cupemdbtures are Cuchaded from the 
wotars im aPeotute dollar term the |S) mtcrmatecs! moon 
home R.A) pemeteoe os stell Comedia more fan oeaikc than 
that of ot) foreage Counterparts. hat mot acarh 2s doenemant 2s 
shen total RAD copencbtures ae compared 6S cn RAD 
commaems tence that of hapan 5 bet the oe SC)” commits 
commend total = 1S peroemt more than somicficaw RAD 
oupereiteures im thc | aeted Sagtes shone 

Hetecen (48) aud 199) growth ol S somdicicomse RAD 
wcmaiong eas fart «mela to growth m other mdustrwl 
oumtres save Japan ehow sondcfcaw RAD cupemeterc 
growth was metebty faster Thess as an cgur aicnt percent 
sec of the |S somdefeme RAD total. comparstic lupe 
acs speraieng parnped from 46 percent m 198) to $4 perce 
m 19) (See appendm table 4-44) Dering thes pereed 
(ect + aneaal speeding cguated 1 to 29 percent of LS 
nomdctemsc RAD spendemg «hele frames annual spend 
img Sas ogurvalcrt to | 7 to 1S percent. and the | meted King 
doen + samme! spending Sac tasted narrow hh betecen |‘ and 
16 percent of the | S total 
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Semce | the workde nde showing oo RAD spending and 
the wal oyuent appurcet rovuscry om tie | nated Saates ha 
eartowed the gap bctecen |S sondcfcme RAD spending 
amd that wm the other ©” countess In 1995. thee combened 
momdcferme RAD spending mm tho wt Countess oguaied $65 
Pella (an Comstant PPP doflars) compured « th §/ 35 Dellhoe 
(comstant dollars) m tie | need Nats hapance and (scrman 
spending relate to LS speeding decid to SO and 25S per- 
Com. rewpexctirveh 


Ratio of Nondetense R&D to GOP 

in morrmalszing for the sare of these CCOmomecs. the rele 
tree pesstron of the | meted States » sieghth bow favorabic 
lapan s soadcicnxe RAD GDP rane 1) > percent) comsed- 
erably cxcecded that of the L asted States () | percent) mm 
1995. as @ has for vears (See figure 4-2! and append 
talc 4-44) The somdcfemse RAD rane of Germany (2 2 
percent and dechmeng wace 2 1989 peak of ) 7 peroent) and 
Frame (2 | percent) roughh matched the LS. rato. the 
ratees of the Uneted Aungdom (1 § percent) ( amads 1! 6 
percent) and Ital) (! | percent) were somewhat lower As 
eth total RAD rote. the sondcfieme RAD GDP shares 
were level o¢ falleng wm the Uneted States. Ccrmany. and 
hapan during the carh | 9D. 


R&D Funding by Source and Performer 


By Performer 

The large G7 countnes are marked) sama m terms of 
whech sectors umdertahe the RAD indeewtry was the loading 
RAD performer @ cach. performance shares @ the mad- | Os 
ramped from a hethe more than 7) percent om the | nested Ststes 
amd Japan to somewhat bow than 60) percent om Ptah lndestry + 
share ramged betecen 60 and ) percent @ German. France 
the L eeted Kumgdom. and ( amads (Sec fogure 4-2) and ap 
promades talhes 4-45 grad 4-46 » The euapoety of eadtry 6 RAD 
performance was furmded  muestry teclf m cach of thew 
cowmtnes followed % government fuming (x. crament + 
share of funding for ender) RAD performance ranged from 
as betthe as 2 percent m japan to about 18 percent m the L ested 
Sua 

in most of the G-” Commtrecs. the academe sector was the 
acu! largest RAD perfoeme: (at about |S to 2) percent of the 
perioemance total m cach country) followed by go crament 
luborstornes “ Omi m France was gowermement’s RAD per- 
fornmamce (whech mchaded spending im severe! sonpen atized 
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Figure 4-26 
Gowernwnent RAD sugport. by country and socsceconormc Ofpectwe '985-96 
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Accounting for Defense R&D: Discrepancies Between 
Performer- and Source-Reported Expenditures 


in onan Ox D member commtnes. anchadang the L anod 
Mates there 2 Comaderatic difference om the total gor - 
cramem RAD supgert figures reported fh» govermment 
agencocs and those reported performers of the RAD 
eork = (omtert wath mternspomal gusdamce and stan- 
dards (OCD 1994). however. mow commtines nanonal 
RAD capemdsure totals and time sores are hased prema- 
mh on data reported by performers § Thess comenpon 
peeterred hocause performers atc om the Dew poston to 
umhcatc how much thes spemt om the actual conduct of 
RAD w 2 green year, and to sdemtrfy the source of thew 
funds Although there arc mam rcasoms mut to cupect the 
handung and performung sencs to match cuacth = (< g | df. 
torent Naxes used for reporting go crmmen obiigstom 
-) ) amd performance cipendstures (calendar year) tie 
cap hetecen the Teo RAD serncs has wodemed during the 
mast several years om several of the larger OCD member 
oumtnes « Addietomaly. the drerpence om the sernes 5 mos 
Promcemoed om Coumtnes «ath relatnch lange defeme RAD 
cvpendturss 

For 1995 of thercsbowts. aatetas fro OCD Mam 
Sooonee and Techmelogy indecators Gatabasc cho that o 
aah 6 of te: 28 member coumtnes dacs defeme accoum 
for 9 percemt ot more of gowermment’s total RAD badget 
(hecanse several OCD member coumtrecs have never of 
mt rooemth reported thee RAD defemse shares funding 
Sfferences wm those Cowmtress could not be cv abused) 


@ \ nned States (54 perome) 

@ | aned Aongdorn (4) percent) 
@ Prance ( ) percent) 

@ Sweden (2! percent) 

@ Span (10 peroemt) and 

@ Gsermany (9 percent) 


These saa were precesely the countries for whack the 


vars of performer-reported government RAD tundung 
were sutetamtially bows than the otal goverment -roported 


RAD support cstumates As a perocntage of government + 
reported RAD totals that were not acoounted for m cach 


counts \ performer surveys. the larpest gaps were re- 
ported for 


@ Sweden |) 4 percent gowernment RAD ~“icakage “). 
@ France (18 4 percent) 
@ Unwed Kongdor (| } 0 percent). 


@ Spase (9 8 peroomt) 


@ Lnned States (8 2) percent caicn from aational 
souroes, cot OCD databases) and 


@ Germany (7 5 peroem) 


For the Lnmed States. the funderg gap has become 
pastowlarh acute over the past several wears In the mod- 
1980s. performer-reported federal RAD crceeded fed- 
eral reports by $3 to $4 belhom annually. of S to 16 per- 
cemt of the government total Thes pattern reversed mtscif 
so that om 1989 the gowermmem-rcported RAD total c1- 


cooded performer: reports by $! bellbon The gap has seme 
grown to about $ telbon. om other words. show! | 0 per- 


com of the government total m the med- 1990s os umac- 
counted for m performer surveys (See figure 4-27 and 
appends table 4-47 } 

Hased om peciemanary femdings the difference om fed- 
cra! RAD woeals appears to be concentrated premanh @ 
DOD dev chogpenent funding of industry (peumanh ascraft 
and messec firms) For 1995. federal agencocs reported 
$™0 § befor om total RAD offagapom peo aged to mdus- 
tral performers. comparcd woth am cstemated $2! 2 bel- 
om om federal funding wported th mdustnal performers 
(DOD reports dustry RAD funding of $2) 7 balsam. wtuic 
ondustry reports asang $1} 9 teflon of DOD'S RAD funds ) 
Overall, gowernmentende cotemates cquate to 2 “loss” of 
3) peroemt of federally reported RAD support (Soe fig- 
ure 4-27 and append table 4-47 ) 

A workshop was held recemth at NSF ( Scpaceminer | 997) 
to descuss possithe causal factors for the dwerpemee A!- 
though Carcumstamoes umager to cach cownmtrs commnbute 
to the drescrepancy hetwecen the Teo reportmg soeTOrS. mst 
Partx snamts agreed that the protic rowdes af beast par. 
ual) om repoctmg RAD for defeme and acrospace pro 
grams and m tracking go crmment) mternspomal RAD 
flows in the case of Gefemer and acrospece programs. 
workshop partcmpants acknos kiged posse drfferences 
= agency and performer reportung of “the truc RAD com- 
tert” of large extramural contracts where RAD and pro- 
dacboe actrees are mued Thess corcumstamoe os further 
compiscated ty the growing usc of industry suboomtract- 
omg and Comsortaa act wes om performang large-s<c2ke and 


mmecrnapomall. so that the fimai RAD performers muy be 
unable to accurately report the ongm of the funds The 
Scsence Resoutors Studbes Drerson at NSF os comducting 
further: research and imvestigation into these causal 
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comaderaitc suggect m the | ated States aed Pram icach 
gctting percocet of the total) afierces eadewtris) Gch 
mem acoumed for 9 pcroem af more of gm crmmecmtal RAD 
tumedemg om (scrmmatry the | meted Konmgpdoen italy amd ( amada 
Industral do. chogenem peagram: accounted for 4 peroent of 
the Japaneses total, bat pet 06 pcroeet of § S RAD Thee iat 
ct fogpere os amderiated relaine: to otiact Commirics 2s 2 foe 
~ data .congeistae dffcreme: 


Government R&D Trends mm the United States 

Thes sectaom pron andes greater deta! om federal RA D fund. 
amg Prrcevtacs om the | meted Mates Seach preoettacs steftied mcr 
ehcirmengh tear dctemw programs @ tir (YEA ahah 
om buded heth DOD program and muctcar cago rescarch 
tumiked ty DOE =6Dietome RAD snomdeng peaked mm 198" a» 
$47 bellboe (nflance-edrewted 199) dollars) when « ax- 
commed for 69 peroeemt of the fekeral RAD weal Seno then 
the data reflect a destemt dc-cgvaases om dcfomee proceutacs 
as dcteme-rciated RAD dropped to $4 percent of the go crn- 
mort total on 1995. where « has samee commenced = (Soo fagurc 
4-28 and appends tatic 4-99 | Progeesed federal RAD fond 
amg foe dctemec-rcisted actr tics acooumts for S4 percent of 
the | V8 tote) 

OM the federal! nomdcfomse functor beaith partacularth 
the RAD program of HHS | capernemced the largest onfle- 
teom-adpusted RAT) fundene growth seme the carly | GRA 
indeed fromm 199) to 1998 health RAD has grown by 26 
percem jcometamt 199) Goflars) witrkc furndemg for al! other 
nomdctcnsc functors gree past } peroeet 8 Mcalth pro 
grams aoe scoot for | § pevoent of tac federal RAD fond 
mg total in particular AIDS-rclatesd research has groen 
witantiaih and moe acoownts foe rowghth | > pcroeet of tod 
ctal heath RAD funds. «comd om to the 16 peroem share 
éeoected toward camcet research «=| wmdeng for space rescarch 
ccd to heath among the momdctomec fumctacer om the | meted 
Mates. aio gree raped) m the late | 98 and more accouts 
foe |) peroeet of the Federal Gnscrmmem RAD weal “\bow 
of the RAD fhandeng growth om thes arca has been mm sagpert 
of Space Stateon freedom and os folhes ce intcrastoee 
Sac SOR Wm actry eters 


The (Mae of Maenagemecer ant Badge . teeters of ache mer © iter 
De feiers! Maps: ome ) femcteen Caingewers Ter Meader Seema eet . lee 
‘< see ee ROTD pee ears 2 feces & ola) Segrian cCetic a coming 
we Qe tate moe Newng added | ficct tum tee . cemuer todos BA! 
peegrate fee Grf memes and Gctads wr SS | OO” ‘ars ope Ae: 
we fie Somme Sor BAD) peagrat cone © Oe Lacetrwrame Owe 
salir progeme ferme ) C cagtoe: co isms. Oe —s. Boe 
eat cat? qec’s Ate em) 6 eee ath ct oe! ck = Qu 
peeg Tat ee emaitgk cfentncs oo Sw ieee a! aokh omc amber Ox 
Progra + prvme Sete Oem foe CR Ch cge for tee 
fe Ace Cccp of Engen of BALD) cote qed & 18) ox 
aeetend’ = @rtrene coct Teeag? wer at ters ae a eMart 
=a? = hoe. qene of ccc 6 Atoms and Commertiow Gan ox 
aos Dees: | merger ow beer a mae of Tomas Mae ar her 
mera Com temec Nor Ger coco () &) meget Gee Cometage of Ge bod 
oval (aoweruemnees ) total fomdieng fetes 1 8 On) Oe 


ta doy tor Ge Spee Stee tow foe 82) lew @ O84 Oe frre 
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sae 


Smeg hc otic mugor fumctaomal socapecnts of fevieral RAD 
fume gonctal cocks program  dugdaced cmergy actr) 
tas a ac the’ lrpe nomdcfomec fumctace om 198 cven Goeagh 
~ \ometant Gdlury gomeral wacmoc toxcarch fuming ©» peoqened 

he me begher @ 1998 Ghee @ eas oe 199) «( comtened de- 
tome hus thon taw somdcfomer fumctzoms accom for 9! per- 
ont of peonesd | 44" RAD uadget suthors) 

in terms of Aes nowcarch sagpeart those fic fumctom 
she account for 2 9) peroemt share of the federal sapgport to- 
val het thee relatre ramkangs drffer comaderabh from that 
tor etal RAD (Soe appemdin tate 4-40) Of the proposed 
StS 3 bellean (908 base roecarch Deniget suthorty. health 
‘uma ipmmanh peagram of the Natoma! imtatutcs of 
Health) a count for 46 percent the gomeral xocmoe Peagramms 
of NS? and DOE for 19 percent. apace fumctoms for 10 per- 
com cmetgy for 9 perce. aad dcfomec for § perce 


internatona! Comparisons of Government 
Polcy Trends 


These aggregate fumdeng preorty data onty bogen to cap 
ture the cxtraoedenary changes thet have taken place m the 
ombcTTatacenal arena act the past several wears amd the rowult- 
amt shefts mm coumtnes SAT podecy derectom Accowdsng to 2 
rooemt COC TD (1996) ropeet. 2 quamier of common trends 
ammomg Coumtncs atc soeth heghieghting 
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Chapter 5 


Academic Research and Development: 
Financial and Personnel Resources, Integration 
With Graduate Education, and Outputs 
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Highlights 


Fmawcu Resources ror Acapesac RAD 
@ le 19" on cotimated $2.55 Dilton (ie corrent Goliars) 


as spent fer research sad 6revetepmeat (RAD) at US 
academi institutions ($21.1 biliiee ie constant 1992 
éoltars). | he bcvicra! (xs crament peo aded $14 2 dellbon 
a atoms, avitutvom $4 4 fellom state and kacal govern- 
ments. $1.5 Delleom. aed eedestry and other sources cach 
occu whed $1 ~ belieon 


indewtraity performed RAD gree (aster thas acedema 
RAD between 1994 sad 1997. end the academa sector 5 
shure fell to |) peroemt. rewersanmg 2 decade-long trend of 
an mareasang tole for academe performers @ total US 
RAD Betecen 1984 and 1994_ scadeoms had mace from a 
¥ peroent share to 2 |} peroeet share of weal US. RAD 
Tht Tawa xc 


Tbe academe sector performs ever S@ perceat of basic 
research Co@temmemg te be the largest performer ef ba- 
ox research im the | mited States. \cadema RAD acter). 
neo are Comcentrated at the basa roscarch end of the RAD 
ect Of ctemated | 49" academax RAD expenditures. 
am cxtemated 67 percent wert for basa rescarch. 2S per- 
Lom tow appeed research. and § percent for developement 


lhe Federal (..cremeet costingrs te provide the ma- 
pertt: of feads fer academax RAD. |) prom nied an cst- 
mated ™) percent of the fundemg for RAD performed & 
nademex eatetwhors @ 1997. down from abou 65 per- 
comt om the cart) | 98s Although sonfederal support »- 
teased more rapedhy than federal through mos of the 
Yes. thes trond was reversed om the forst half of the 1 990s 
bovicral support fas grown morc show fy than sonfederal = 
both 1996 and 19". however 


| oder al otagatees for scadema RAD are concentrated 
i three agencies the Nationa! lestitetes of Health 
NIH & percent) the National Science Feandatios 
NSP 1S percent), aed the Department of Defense 
(DOD — 16 perceat) The Natrona! Acronsutas and Space 
\drenestrathon (6 percent) the Deparument of Energy (‘ 
percent) amd the Department of Agnowlture (} percent) 
pron whe an addbteoma!l | 4 peroem of obhganoms for aca 
dem RAD Foderal agemcocs cmphasare dffereat scsence 
amd ctgpmecremg | MAE) fociets om thee funding of academe 
cxcar) Scvers! agencecs camcentrate thew fundeng = one 
‘echt others hase more Grerwfied fumdeng patterns 


[bere hav been 2 segerficamt mmcrease om the seanber of 
eanerwtees aed colleges recetvimg federal RAD sep 
port Guring the past twee decades. «1 almost the emmre 
raTeEse OCCurTINg among other than rescarch and do. sor- 
ate-graning moettubom fe 1) 99S 654 of these insttybor 
recenved RAD support froen the Federal Government. comm- 
pared to 42) m 1985S and 335 @ 1975 


@ After the bederal Geverament. the scademx imsiste- 
bees performing the RAD provided the second largest 
share of acedemk RAD seppert. he truth ms ure 
gree from sbowt [4 peroem of academax RAD cupemd:- 
cures om the carty 1980s to an estemated | 9 percent om 1997 
Swene of these funds durected by the umstetutaoms to rescarch 
actrvwtacs dere froen fevieral and state and kx al go cro- 
oom sowtocs but samoce they are mot restricted to research 
amd the uarverwtes Gocade how to use therm hey are clas 
sufsed as msttutpomal funds 


@ ladustria! RAD seppert te academa imstitetoes has 
gree a mort rapedh than sepport from all other sources 
im receat vears. in comstant dollars industry -fmanced 
academe RAD moereased by an cotemated crag: annua! 
rate of © | percent betecen 198) and 1997 ledestry 5 share 
gree from 4 percent to an estumated ~ percent during thes 
pened 


@ Tetal ecademk SAE research space imcreased bh at 
most 2) perceat betwere 1988 sad 1996. up from stout 
| 12 emeleam to |  manisor net awsegmatic square fect Wher 
compicted comstructbon propects insisted ferecen | VES 
amd 1995 are cupected to produce S$) mullom square fect 
of mew research space. oguralent to show $9 percent of 
CLIstamg space 


@ le 1990. SS percent of research-pertor ming institetions 
reported coevirecties or repens Trae shes prepects that 
were serded bet had te be deferred becaew fuads were 
wet svailabie. lhe ost of these deferred propects was $9 * 
tellbom Sut) peroemt of the aceds reported were for com 
strucbon and 40 percemt were for repae rem son 


@ tipenditerrs for ecademax research instremestatios 
te US. research emrverwties begee wecreasiag receeth 
Thes excrease follows 2 pattere of large mcreascs = @- 
vestment throughowt most of the | 98h. followed hy 2 
steady Geclene of show ) percent a year beteoen | 989 and 
i933) Anmual research cqguapencet cupemdstures as a per. 
comtage of total RAD cxpendstures deciemed from ~ 2 per- 
com mm 1986 to $2 percent @ 1993 before rierng aga to 
$6 percent m 1995 


© (empeters sed dete ba = oe cquipmret represeeted 
19 perceat of the ember. sstremeets is (he aational 
stock aed percent of total aggregete cost | here were 
am cstomated 6) 684 mstruments oath an estimated aggre. 
gate orrgmnal purchase proce of $6255 balloon m the stock 
of research mstruments af the 318 codleges. amrverwnes. 
and mevical xhoots represented om the Naboma! Sane 
of Acadgemax Research imstraments ad iestrumentapor 
Neods m 199} 


Txt Acapesec Docrona S&E Wornronce 


@ The 217 500 academax doctoral sicetists and cagiecers 
se 199% represeated the largest sember over empined 
om the academe sector. Hel ommks ment growth for ths 
taghty assed growp «as stronger @ other parts of the 
ccomemm. aad the academax sectors cmpbowment share 
teod « 46 pcroem 3 record koe 


@ | of cme Gectoral SAL faculty sumbered an cvmated 
171408 im 1994. 2 deciiac from 173.168 in 1991. fF ol)- 
ume tacwlty ropecsemted 9 peroemt of academx doctoral 
SAE employment m 1995, down from 88 peroeet @ 1973 
Viwch of the Gocleme cocurred among those oath the rank 
of full profess 


@ [bc eember of somece etth SA! doctorates ube beid 
academk positions tmcreased to 52.408 ia 1995. The 
repeescated 2 ace bagh to 24 percent of total academa 
cmp tment of doctoral secmtests and engunecrs Women 
romanned taghhy comcentrsted @ the hfe and scxwl! «- 
cmos and psy cihotagy 


@ \immertts cmpim meet cestinerd te grow sad reached 
15300 oe 1995 bet staved at bee bev ets for seme groegps 
Tre | 2 S00 meminers of underrepresented grow: Mack 
Hopamx Natrve Amercan. and Alaskan Natne ac- 
commend for 6 percent of academe doctoral scocmtts and 
cugunecrs. up from 2 peroeat @ 197) Assam cmploymeet 
om 1995 stocd a 22. S00. of 10 percent of the tonal, thes was 
up fron 4 perce mm 1973 


@ Vemen sad memb<crs of minertt) creeps have tended 
te emter academax cmpie meet in lime with of above 
thew properties of receath gevarded SAL doctorates 
mong cocoon Ph D recepeents @ academe crmpdow mers 
dxtorates searded @ the precedng three years | «somen 
amd! umdernepemcntied manatees ecre cmphoeed @ rough 
progertaar to thew share of aewh searded doctorates to 
( S Qtunem and permancet \ese-bokders. Asaams cua 


of whom arc foreagn-bern | were repececnted ecil mci. 
cows of thee share of acw SAE PRD ss 


@ The progressive agumg of the doctoral acodemk SAE 
workforce. cident ever mech of the past two decades. 
appears te have beveted off. Thx mcan age of full-time 
doctoral faculty rose from 4) § wears @ 1973 wo 47 | years 
om | 989 and stood at 47 4 years mm 1995 saggesting gradual 
bereng for the swaterm as 2 whode as faculty reure How - 
ever. for ywoung Ph Ds. thes fas to be soem om the comectt of 
2 @ecp macrcase m oceh gearded dxtorsies from show 
12.) mm 1989 w& 27 Be ee 1995 
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@ As estimated 16.908 receat PRD reciperets —docter- 
ates searded ws 199)-94 catered academx cmpies- 
meat im 199% Bet (he mcemimg of academx ~empbe: - 
meet” has chaaged for theve voeng doctorate-bebders 
Fewer tham 46 percent had rogudar faculty) appoenemensts. 
compared euth ower 7S peroest m the carly 197. whale 
the Prapartace ot postdkatorate posstaoms rose from |} to 
40 perce 


@ The pir weal wereces have grows more showh than 
other fietds a terms of everall doctoral empl weet 
29.300 in 1995 = aad dex torates in full-time faculty po- 
sitteas. Thcow Gx nora! cnapkry ment share fell from | 9 per- 
cont mn 1973 a0 |} percent mm 1995 The life scoemoes. emgp- 


necrmg. amd pevciotogy gasecd ceuphe ment sharcs 


Worx Respossmarnes of Acapesac Docroma 
Scawnsts anp Enaecters 


@ Ibe scademax doctoral SAE research workforce de 
fimed as these whose primary or secondary werk re 
speasebility eas research eembered an estimated 
153,588 te 19945. ep from 86.008 to 90.008 during the 
197Os. Tike taghest towels of research partcapaton.  de- 
temed were fownd  cmgmecnng and the cm woeencnta! 
scacmors. the lowest a mathematacs. psychotagy. and the 
<a MOTOS 


@ in 1995S. 39 percent of the academic decters! 
workforce 246 .°O8 reported having research seppert 
from the Federal (.cvernmeat dering the werk of April 
1S. Thes commpares auth 37 percent m 1993 A sarabiec frac- 
noe of those euth federal fundemg 9D} percest §«=cobtauned 
thew support fron more than ome agency 


@ The sember of these reporting teaching as thew pro 
mar) actrvety has Mectested arewnd the | 60.609 mari 
since 1985S Ie comtrast. these Gesiguating revearch 2: 
promary reve from 56.608 to 81.688 eer the perted |~ 
1995 4 percent of respondents reported teachang a5 thew 
Prema) ecet resgemsstebt, Comgared eet }8 peroent et 
reported research 


@ Doctoral SAF cpio wernt growth @ ( arecge reecerch 
eenerviters eas target) confined to these sécetify ing 
research os their primary activity form | 7 Sm | 975 
to 45.900 om 1995 Ip other types of mattwhons. the sem- 
ber chooseng rescarch grew from 10.500 w 57.10) ower 


the pero 
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IwTEGmanon of Reseaacn Wirw Aancie Outeuts Froe Scare ano 
Gasouate Eoucanon Enwcentemeec Reseamc 


@ tm 1995. fer the first thee ie alemest tee decades. co- @ tea 1994S. aboot | 4) 808 wcoretifk aed techemecal articies 


rotimeet of fulhcme NAb graduate tudeats écchacd 
slightt.. The coroliment doch «as wrespectrve of pro- 
ma) sutcre of sapport The summiners of full-tume grade- 
atc tunhormts with power. supgeet fromm the bevicral Can - 
Tht suwiicral ewrtocs. of thew cen resamods ( acif- 
wwppert) af! Gex lend 


tke propertoes of (othtume graduste tudeats me SAL 
eth 2 rewcerch cuitentehep as thelr primary meeche- 
anm of sag~per’ Ra cecreased comaderatty. Rowan? 
EesGamtwhag cry the prumary sapqeort mochanesm for 66 
meroomt of te students etose peemmary soutce of suppeet 
«a fromm the Fedral Cowcrmment 1995. compared t $5 
percent om 198) for stuaieonts whose premary source was 
mueteicral rowcarch assostantshaps rose froen ) perocet te 
™ peroent of the total Gunng thes permed The oerall au- 
sr of grades “whet wath 2 roscarch avectenteiep os 
thew oeurear 1. om of suppert extreme” eT) year 
heteoen 1 S55 and OM before declemeng shgith m 1995 


The Federal (.cveramest plays s larger rete as the pri- 
mars soercc of seppert fer wom seppert mechaanm: 
than fee ethers. \ majpoet) of tramecceim im both pry ate 
amd puiln enstetutoes (5!) and 73 percemt. rowpectrvety) 
arc fomamood peumarnh by tie bexderal Cancrament. 2s arc 
) poroemt of the re_carch asesstantehaps mm prrvate and 5~ 
peor cmt wm peitéx eestetutlom 


NIM aed \S? have bees the primary source of feders! 
seppert ter fell ome SAF greduste studeats ret ing 
oe research awetaentehips as thelr primar) seppert 
mecchomiom. | roe the carly 197 to thee late 198 NSF 
was the fevers! agency Ghat was the peemary source for 
crmhuatc rowcarch aestastshem ft eas sarpassed by NIH 
= 19) Berecen 197) and 1995. the properton of fed- 
tel gtatuate rowcarch aseestanteheps femamced premanh 
NSE Gevtomed froen cme-therd to lews thee one-quarter 
a tele the peqnertor fenced pramanh th NIH ecreascd 
fron ome-south t) one-quarter 


KRexcarch awetaetep are more freqeceth seettfied 
2:5 prwmar) mectaenm of seppert @ the pir wecal a> 
ceom tie cap weemesta! sorecn sed cagiecerimg than 
other Grewphers % cor? Etats Komp THe 
Our SO percent of tie pena) sagqpert mcchwmewts for grade 
tc steadns om aXGromcen stmowgeTA: scecmOe accamagrs- 
pm agrmculturs! «acmom chomecal cngeecrng aed muste- 
mals cmgemceremg They account for less than 20 peroeer @ 
the socua! scence. theres, and pevchokgy 


sere pebinied by iS authors is a ict of pournal ia- 
cheded in the Scicace C Maties fades (SC 1) stece 1981. 
The belk “! perceat ere by academe sethors 
Eaght peroem cach had authors affliated = th other major 
<tr dest) po creme ad soegrol « oegaterator 


@ Pebddacations th | S iadestrial sethors reve stroagh 
lefe scocace fietds <temecel medaciee beommedacal re- 
search. and beotegs aad coasineted acart half of i 
Gestr) publications. this «as ep from 19 percest io 
$991. Froen the late | 98s on endustry cutpet mm cngunect. 
omg amd techmodogy eas keecr than « had been om peeved. 
me years 


@ increasingh. «scatif colisberatios im the | sited 
Mates mmelves scocetiets aad cagiecers frem differ. 
ot empbes meat sectors In 199 pest ender cac-quar 
ter of all academnx papers rm elved sack cress-sectorsal 
cellaberatios © percent eth indestry * percent cach 
we wth the federal and mx -for-peofm sectors. } percent = th 
federally fmamced research and dev chopemens centcts. and 
2 percent woth other sectors In the other scctors. acl! 
over half of thew cross-sector collshorstroms mmolved 
nademan suthors 


© ( tebadh. fine astro prodeced mort thas 6 periesi of 
Cee 499,008 artictes im thee M1 set of poereats in 199% tc 
( med States (33 percent) Aanan (9 percene) ther | ete Amg- 
doen (8 perce) German (7 percent) ad Peace (* per. 
cont) “eo other commer + cutpet reached § peroers of weal 


@ The Gevetepmeet or sirengthcamy of sateomal wore. 
tif capebélities m se vers! sertd regioes «as cv idret 
wm faster pebtx stem: cetpet groeth chee bere thes is 
the | mitted Sistes crow th cheewhere acceter sted toward 
the med | FP cr yhadow ing costiagrd gree th ml S 
eutpet. | hes comteed 2 komg-term deciene om thee |S chare 
of toga! artack outpert 


@ & erepe accrecd germ: & outpet share from ') percret 
im 1981 te 35 percent ie 199% Acts’) share rece from |! 
to 0S perewat. cm though inches catper decane ome 
ther’? @ sted cuter of aetcies © cr Oe perent 


@ The member: of artictes 2 pivvics. carth sad space x} 
coces, cad tromedical research mecreased the most rap 
idly ty 63. % sed  perceet respectively from 
1981 co 1995. Ths: cutper scoters of arcies im chhemestry 


clamscal medhcume, and cngmmecring and wechmobogy «as 
bernie cfuamged thew for mathomatas amd Peodagy dex teed 


Somrce § ingresnng micators - t- 


© (creat vertetioe marked coweatries articke cutpets per 


bilibee |S dedlars of their estimated 1995 grow do 
mevtk predect. wat and wen wnalic: | cropeen sat 
ramkod boghest. crceedsmg ™) arucies per tellscoe The 
\ meted Mates eas m the maddie range. euth 2) artcics 
Natom «oth fast devchopeng ccomormecs had semalier than 
cupected artacke cutpests. reflectang the recent rapedaty of 
thew coomurma strdes amd suggesting Comsaderaitic rowen 
tow furtiney scocenix growth 


© ( ewatries sceemce portiodies. as reflected @ thet ped 
inted eetpet shew some wtrthung Gifferwaces = 2 
ceo we ated Qecemedikcal roscarch are heh conpdamared 
© the atch: cutpets of the Lmuted Sates. LU eted Kango, 
oe Goumtine of Northern Europe several smaller Western 
f arogecan gator. amd CRheke (hemestry and pirwsacs form a 
larger han everage facmer of Ge cutpet of Pramce, Cer- 
unm Nowe. tah bastere baroge Rowe Miewsco ad ou 
\saam commtrnes Rewaa Chem Egypt. and Asan commtnes 


@ Ihe chobahraten of wreece m reflected um a pervasne 


treed = sccetifk pebérsheng toward greater coltabe 
rateee. te 1995, half of the articies in the SC 1 joernah 
had mettepie author, 20d aime @ perceet of thes 
im oti ed teterestioes! cofisberstiee |b: cremd effec ud 
») tecwds and a teadeh grow ing frachoe of most ashoms 
macs emotved Commtiors froen Sfferemt asmoms By | 99< 
ofthe cumpets smce 198! Rad grown by 2D percemt. the 
camict of Comuthorad arhcies by &) percemt. and the eun- 
“cr ath mticrnatas! Casuthors ty NE) percent 


ber slimes! cer) aathee =ith streeg wwterustions! co 


nethorviep tery the eaenéer of artectes mvetvimg al S 
author rove stroagh beteces 193! sad 198% (ox 


remth however mua mate wt Qeomdemed Ghee roach of thor 
mactnatoms .oligtorston Camomg 2 dermrenutoon of the 
CS omar of tc eorid s wacrmatomalh Comsthowed atx ics 


( @ateee patterm: ahve merre: the ctebe! eatery of the 
scwretifk caterprine. #5 researchers every ebere rites: 
seth cite research cetpets from sreead (hx sortd =} 
ocenfix and techmsca!l ateches ao 2 wheote are cond 
vertually all mature scents! x mateo m cucess of the LS 
outpet’s workd share The bobd) for cheesy. otysecs. 
teommedacal roscarch. and cheecal mcd LS atic 
m other fickds temd to be cated af oF slaghth belce thew 
eorld cutpyt share 


@ The sumber of articke citations oe 1S. patents ie- 


creased from 6.668 in 1957 to 47 208 in 1996. and their 
fietd dutribetee seifted streegh toward the tte Kr 
eeces. The msc = summier of cotateoms beid for al! fickds 
and for papers fromm afl sectors auth the fastew groeth o 
Citahoms to beormedscal research amd clamecal med me 


@ The semter of x aGemx petecet, = tisk small row mor 


than seveafeld im pest mer tee decades frem sbest 
258 sameally ie the cart) 1970: to more than | 588 in 
1995 aad the eumber of scagemnax imstitetons recen - 
img psteets iacreased from sbect ~' tm the cart 1980s 
te 168 by the anid 1990) Acaderms patenting mre’ 
more raped’ thar ali ameus!l | S pesret geards Among 
cmitytors eth patents arc 2 grow wg curmber of umrver- 
sates and oo 3s ee wadteomally coumerd gemong the re- 
search amrversetecs 


Academx peteets are coecestrate? om fewer etility 
ctasses thas pateets overall. im fact. peteats m oeh three 
wtriety classes = oth presemed beoceedx a! appx ebebty 
Co@uttteted iwere thee a quartey of afl academnx pat 
cots to 1995S. Revemurc from academe patenting reached 
$297 aulhon m 1995 
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Chapter Background 


The acadommen rocarch and dev chopement (RAD) cmtcrpene 
“a chamned fromg grow t® for tice paw decade ber nm faceng 
“TA CMS atte parth from @s owe seacoces parth from 
Rag. om ot COR Woe 

Thc atoms amrecrestacs amd Gotha (oem to pevtoem 
morc than halfof LS fasa rowcarch Though faced oath - 
vote frmamaal prosaic thee oon RAD feeds ac acarung 
ome Ft of thew total RAD cxpemdeares At the samme term, 
adestr) roche extoaangh of academe RAD There ts move 
verge fetecen eadewtrul aad academe rewcarchers, 
amd patet! oitemg to academs, potatoes mn mcrcaung In- 
destry sappect has grow n. bet romans ect! behoe 10 peroee 
f the total fumdeng of rescarch @ academe forthormerc. 
mde) fumxtong . ate Pe cuper ted to Rocuemer 2 masta of 
a hema roca h fumdang 

The Peukera! (on crmment Comtemacs to pros ade the mapor- 

» of academex RAD sappert Theee agemcecs prownde the 
nel of thew fereds he Natrona! lesttutes of Health (NIH) 
the Nateomal Scocmcc Foumndateee (NSE. and the Departecee 

' Deters (DOD) NSP aed DOD segpetiner pews nde ech of 
the mateo + RAD sagqert for the pt secal and Commpetcr s»- 
AO mathormgtas aad chgemecnng 

DRommaeTat. ProweK Caorts pomnt bo tec pratemtasl for strong 
chrofiment greet) ovcr te act decade and the Contato 

‘vote! Qrotads chore memory partacunataem goer obdicr te- 
Lome mote entrada! faders buecge gradustc stademts 
however oa stem’ |S eeeteteteons om lower eeemiers Ie 
hr comtett and dren & fence! and other prowess. ae 
oT wt: amd Codlqges = ofl Comtemar to detate @ucetaors stag 
thew fw and meseen Thos decunsscms ell take place 
agar th factdrop of tacwity rctercemcets An anrcwdved 
quo 6 the oucnt and suture of replacement hermg oto 
tcmurtc-track Lacwity ponetoes vores offer miwe temporary 
Ce lil ak 

(TPCT gucweoms, stout tk auturc of gradu obacatson 
are heeng tamed bs tir Current mek! the apgeoprutc onc. of 
ous! (raememg afhoe foe Meuadcr amd more waned apple 
tem of shells om the ouarhetpiace’ Showhd students be gree 
mort sufomeen from ther profewern perhaps & eg of re 
“aractereng thew madkes of saggert’ What os the appropriate 
rote foe tee Povdicra!l (escrmemcet om thes eapgqeet’ ( cetenecd 
Toa © the summier of forcegn stadiemts etal for mae 
eraduske Program (ammet te tuber for granted Than recs 
atevat the mature of graduste obacateem poor eth gucvtaces of 
2 CTT) mse aad Program organ saten 

Thc rowcarch amncrsatecs arc Vahued as 2 mateoeal reer” 
They cdcate amd tras large peoqertaoes of the maton s+ «> 
omits amd cagemects contend) the monde! of tegrated grade. 
atc (remem aed tocarch aad comdext mech of the nate + 
eva roscarch Yet faey face fficult gacsteces bs Oe nature 
of thew gradkustc (rammemg up te the tavd of dev chopeng 2 hugh 


hore Gxcuenet of Gee geet wr cfugerr > Ferruge (bxeers! Seeder 
° fm man? Sagas 


quash, vet flowite soriforce of wacmtets and cmgmecrs bs 
@ dren tee meah & rocarch” bs | ce roscarch cmterprc 
ko males te dren bh a oan dymama of cutcrmal dc. 
mamas froem the bodcral Cas creemocn ov madestry * Das ¢ cow 
too oe” itow can cescarch Se teetecs Commectad to ader- 
graduate dacateon | (Ric umecreetacs mxcroaungh face tho 
“am @acwinoms as tix growth of the rescarch fumctor com- 
Tac oP etetatacmal werent, Mast hance mt trata torn 
comadered among the tocarch umn crtacs 

Amvects to tho and other qacetscms ell cmerge grade- 
aN ay oad. dus!) ontitutaum rogue > the hallomge and 
oppoctumetacs they perce” The mateom + ameverwtics and col- 
leges havc steeen ercat abebty to adtape to changed rcabetecs 
fm temc ot well Docoeme pemaaiic to take stock of the changes 
ated ances thew cutcet Man msacs armdicriy ing these changes 
ell pereest. as Regier cdecateom amststutioms try to find the 
agpeogreate bela: among thew mam fumctom (Sec “De. 
vclopments imprnging of Academia | 

Ties ctuapect address ev cral bc aspects of thee academa 
RAD comerpere wnchadeng fenamceal resources. physcal m- 
fratractere. ~octe and cngencerumg ( SAE ) doctors! crpes - 
ment the emtcgraton of roxcarn* ame graduate cdacatoe and 
rocarch outputs The gucwom ramed wm the preceding drs 
cemson are deffcult ames to rowetvc amd refute to haghhy com- 
ples rssacs Theos chaptcr ateke set providing defimanc 
amwects to those Qacwacen dacs prow sie Gets roms aad aah - 
ss fo assest Gov mecmemabcrs « aescesceng thes mers 


Chapter Organization 


The chapecr oper wath 2 decwsssom of tremds m the fi- 
surceal towaroes peo aded for academe RAD wchadeng al 
kx ateoer actos: Roth academe, omstetuteom amd MAE facts 
Seoce thee Federal (nn crmment has foe the prema) source 
of support fer academa RAD for ower half 2 comtery. the 
engertamc of sche ted apes om eapgertong oad mtaal feck 
© exphoted m soem detar! Data arc she presen od on chumges 
un tie mueniner of acadicmma eevttutaces rocen mg hers! RAD 
support The sccteoee ecut cusmmemes thee states of teow bev che. 
ments of wmeversety towcarch actevetecs «6 faceless and etry. 
mentateen Topas cuphoted mx tude thew fuming adequacy) 
ated wmemct needs 

The meet sectaom drscusses tremdds om the comphoymment. de- 
mangragte, characteris amd actrees of academe dew tows! 
senemtests aemd omgomeets Phe dec wesaan of combos macnt toons 
focuses om full-teme faculty eed otiecr pewter Troms @ 
th amodvcmen of acme umderrepeccmicd memontic anat 
Asam are cuphowed as arc shefts om the faculty age structure 
Sev! Mickie 6 grec to partacepateon m reowcarch & ace 
deme dxctoral xocntets and engemcers and the federal sap 
port reperted for these actrvttecs Selected demaographa 
characteris of recent dx torate-hokders crtermg academa 
Cimpios mmcet are Cumann’ 

The therd sextaom bavks af thee retastansheps betacen re 
search amd graduate chacaton ft covers ovcrall vomds mo 
graduate sapere amd paticrns of saggeoet om different nypes of 
mtu gd COM. sepgert paticrm for thc ah 
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Developments impinging 
on Academia 


The satons earverstes and colleges arc facong 
oMumges om fumamce covodienent. faculty. and cm wen- 
vue atone cventua! results casmot be forrscen euth 
am degree of confides (Coe pressures seem a- 
arated static fardeng w puts. eneitute mun Some it 
from 2 stromg coomorn tut faces Commpetton froen oder 
ux Onerall enrollment @ the aspon s fow-vear col- 
loge and umeverutecs deciemed somestut m the cart 
| Ws after msumg durmmg the preceding decade How - 
ever. the US Deparumest of EGucaton propects mang 
cumiers of students at LS umeversatacs and colleges 
eT the Jommemg decade of more. based on demographac 
Prose thot amd assamptaors stot Cofsoet partac mpataon 
rates @ hegher educamon The svasksbtte cvedemce sug- 
gots that the racusl cthee, makeup cf the student body 
o>!) Comtemec to (hunge and that women ell comtmur 
XO Mate proms uo fochkdhs that Gey have aot tradsmon- 
al) cceered The sumier of foweage students. long 2 
mmaitsce) for man, graduate programs m «oemce and 
cngmmeermg. mary decieme as other countnes develop 
thew cen programs faculty retrements are cupected 
to mac. Mased on the age structure. bet easttutons  re- 
sQemses to thes stustoon are aot chear Rephacement her. 
me my ke place. oe wee portoe of Ge wcockeng 
under mun be sdefted tw temporary of sonfaculty em- 
cance: “Miewks-Oased teacheng amd kearmag devebop 
cremts maghe affect the roles of teachers and of hagher 
odustoe msntubon and maght perhaps ever affect 
corotiments State gowermments arc looking ot umrver- 
whey as TQgpomal coomomma dewelogement engmes and 
eoutce of mmoseton amd the etetyutons themecives 
Cy CR TCaeemg atiemtor to these types of actreutacs 

( arrent descwewons showt amewerety rofes. struc- 
cere and prone wll meed to take account of thes 
and other factors ht os Gfficwlt to peedct wath amy de- 
gree of prec neon the cownse of amy ome of these factors 
Text lows ew commbened amgracts on the future shape 
of the |S Ragher edacaton cuterprise as act im an @- 
cTeasenghs sar!) -fased wxcacty 
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' suport for rowcarch aweestants amd the wpecademg ox adem c 
f rescuch assestamteiep (BA) suggeort t 2 grow wg surmier 
* wade, otstrtwiaoms 
The chapecr’s femal ecctoom deals wath rm 
outs acocetrfix and tectemecal arta kes @ 2 ct of 
cred ty the Scucmee ( mpteom feeds (S41 1) aed Gates seed 
\ therd maasce catpet of x aderme RAD 
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Financiai Resources for 
Academic R&D 


\dowuate fmarceal seggeet for RAD actrees ot lS ome. 
verwtacs and colleges. as well as crceiient rewcarch facsictacs 
spud hegh-qasiets rocarch oqguapement, » Cwcntsal mm cratiang 
LS scademex rowcarchers So carry cat eorkd~<law rowarch 
Sence academe RAD os 2 segmef scant part of the catomal RAD 
cuter perc thes scxtaom focuses Poth of the beveds and wourors 
of sapqert foe RAD actrtecs ot LS ameworseters and cofleges 
a= eel a academe RAD tacts and evtrementatwe 


Overview 


in 199° ap cxtemated $.)) § belleoe eas eet o@ RAD & 
LS ecokcrme: eesteteteoes * Acaderma § rode os a RAD per 
form’ carcad stcadhs Setecen | 484 afer thr sector & 
coumted aos 0 had foe more Gham adevcede for pow 9 percent 
of all RAD pertocmed @ the country. and 1994. when a per 
formed simow |} percent of aff LS RAD (Soe fogure S-! | 
By 199" the ecto ’s performance share had Opped t ew 
eke am ovtemated |) peroene 
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Ncadema RAD act Gace are Comcentrated & the row arch 
(hasn and appleed) cad of the RAD spectrum and do mot 
chadke mech developement actreety OF 199" academe 24D 
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Acactemic Research and the Changing U.S. Health Care System 


( linwal fevenucs gencrated >) medial whoo! faculty 
have traditionally Noon used to support undergraduate and 
giaduste modal oducation and research at LS modical 
whools lhese revenucs are also thought to be a major 
ounce of support for younger researchers. who often have 
diffiowlty ohtarng external grants In a study for the 
\merncan Assecwhen of Medical ( olleges Task horce on 
Medica! Schoo! Fenanceng (Jones and Sanderson 1996). a 
1 ootemnated that Chmcal revenucs generated by medical 
whol faculty to support cere academe programs totaled 
$2) 4 bullion on 1993 The major heneficeary of thas support 
($816 muthon) was fownd to be reecarch. followed ty un- 
dergraduate medscal educatoan ($70) malhon) and gredu- 
ate modaal oducaton ($944 mulbon) kcacs and Sanderson 
mote that hospitals may also provide clinscal support for 
academe, cmiasom by apply eng howpatal funds to academs 
Mograms amt by atwarteng academn pragram cupemes 
that are not othemis<e reunbursed However, changes 
the LS health care svetern « partioularh the emergence 
of managed cate the grow mg comeohdaten of health care 
preidern. and increased proce competivan are beheved 
to be adversely affocteng both the level and nature of re- 
search at medico! whootds hor crample two recent stud- 
ss (Mey ct al 199°. and Campbell, Weneman, and 
Hlumecnthe! 1997) suggest that faculty members at 1 S 
eda al «boots might be conducting less Chimecal research 
ben ause of preesure an ther mstituhom to cut costs and 
rose revenuce They show that on rooms where managed 
cere plan. arc domunant and where there 1 stiff compet. 
bon for dollam and patents among howpetals. ply wcsans 


Distribution of R&D Funds Across 
View sa aederexn RAI) « nom aul has oon beetorecalh 
onoertret.d  vclatneh few of the anprenematch | 60m) 


hogher ccbec atom opetetuteces on fhe | neted States © in fact. of 
ji wah oetetetns were ranked 6 thew 109° RAD cupen 
htures. the tap NM? eetrtutees would socom for atusut 64 
neernoenmt of RAD cinpendetures In 1905 


@ the tap 10 enetetwtrom spent |” pcroent of total acadeenn 
RAT) fumed (8) Peebbec: 
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at aademe modaal conten: ropes! more pressure to take 
care of patents and thus conduct fewer human studies. 
do tess Climcal research. and publish fewer papers 

The mam finding of the Moy study o that medical 
shoots on all markets had Comparable raics of growth in 
NIM awards from 1986 to 1990. but that betwen 1990 
and 1994S modscal schools im markets eth high managed 
care penctration had slower growth in the dollar amount 
and eumber of awards Compared with «aol: on markets 
with medium of iow managed care penctration The au- 
thors conctude that thes results “pron ide ev adence of an 
income relahomsiup between growth in NIH awards dur- 
ing the last dev ade and managed cate penetration among 
US medwal «hooks although they do state that # re- 
maim to be determined whether the association is causal 
One of the fendiengs of the ( ampbell study os that clinical 
researcher on ies competitive health carc markets pub. 
lished more «entific artecles than these om more com- 
petitive health care markets Another finding « that 2 
wignificenth larger proportion of young faculty members 
had pabent Care duties in more competitive markets than 
mm less competitive markets The authors com tude that 
umeteased Competitrveness of health care markets sooms 
to hander the capacety of academa health centers to con- 
duct chimcal research and to foster the careers of young 
clumacal faculty ~ 

These findemgs rare qucsbans as to where the funds for 
chscal research that mught he tost duc to the changing 
health care market are to come froen in the future. as well 


a» the patients to parte anate inc hmecal research capenments 


@ the tap 20 exettutram spew 29 peroent (SH S belhan) 
@ the tap “) epent $S percent ($12 10 bellson), and 
@ the tap 16) ener 7S percent ($1 > 2 beth) 


Thies fester Camocntraten of funds huwever has dumm. 
ished «ance hat during the past decade In | YRS. the tap 10 
mitutem rooonved shout 19 percent of the funds Mr de- 
clone om thes groups share © approwematch matched by the 
om tease on the share of thoes instiityor om the growp Rehow 
the top 100 thes group's share moreased from 19% to 2) per- 
cont of total academe RAJ) funds The wtrtutrom ranked 
fram |! to 100 rooered ember sarees mm 1995 as im 18S 
(heteoen 6! and 6) percent) (See append talc 5-4 } 
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hots HMegitarm (me cre Weth oe conmancd $64° rctie @ ite! capemd 
cures ote 844 erties @ tedbersl) (mam od cogwenbtares of fre. | Ot 
LPL portion stent 6° peeroeer of the ater + RAT) Aitieugh met off) 
cant) clewerfeed os ee FP RIM APL cowretenlhy femertcoms: os cee bee ctale 
eee eee chews pron adios ¢ feotkct me pear th dowtrttee of a adrrem RAT) 
Aedes and fe combeng 6 ond has Owen oe 
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Expenditures by Fieid and Funding Source 


The worwhotmung share of academsn RAD cxipendturcs 
un 1945S wont to the life weenoes whach accounted for $$ per. 
oom of total academa RAD expenditures. *) porcom of fod. 
eral academn RAD cxupenditeres. ond 47 percent of 
motodera!) aadomn RAD cxpendetures Wethen the life «s- 
ome medical msonces accounted for )7 percent of total ace- 
demn RAD crpendivure: and ological «somes for |” 
oeroem The neat laqoew tack of total acadermm RAD or 
pondtures was for cngeneccring 16 porcemt m 1995S (Soc 
appends. table 6.* for detanied data on capemdaures oct 
tome by MAE fevid soe appendin talc 5-6 | 

Hhetwoen 1984S and (99S academe RAD capendiures 
lot all feels combuned grew af an average annual tate of 
. ) percent om comstant 199) dollars (See figure 5-4 ) bund- 
img for the waccal weemoes grew fastest during the decade. 
imicaing st at avctage annual ratc of & & peroent im Con- 
“lam della With the wxsal «sonces. political soome 
was the fastest groweng fine field 18 | percent) and ooo- 
noms the slowest growing (4 2) percent) bage conng grew 
second fastest. meorcasing at an average anqual tate of 
» percent Wethen engracenng. scronsutical avtronomnal 
amd covel engimecting grew the fastest (7 S percem and 
"4 peroem. respectneh ) and clectncal engincernmng the 
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vhowest (1S S percent) Academa KAD capenditure grow th 
was shracst on the pirysncal wscmoes. avoraging | 6 percent 
Wither the pir sscal wsonces. ply ens and chemeiry grew 
the slowest (2 5 percent and 2 ¥ percent, respectively) and 
avtroncem the fastest (8 § percent) All other SAL fiekds 
avetaged tates of annual growth between 4 and © percent 

The distintwtran of federal and nuntoders: funding of aa- 
demax RAD mm 199% vaned ty fold (Soc append: table S-S } 
hut crampbe. the boders! Cas crnment wapgewtod atuat 7S per. 
cent of academn RAD cxpondaures on hoth ptrwscs and at- 
monpherk sono. but anh §) percent of scadema RAD in 
cooncmmecs and 0 percent on the agmoultural wronces 

The dev tomeng federal share on support of academn RAD 
ns oot jomsted to parta ular SAL desceplimes Rather the fod. 
etal) financed fraction of supper for cach SAL fied was 
ower om 1995 than m 1975S (See appendix tattle 5.7) The 
most dramatx decline occurred im the social scrences 
($8 percent om 1975S to 19 percent m 1993). the wnalles de- 
(aes eer: om the Computer scecmocs and con summental «1. 
ences (74 to 70 percent amd 7! to 67 percent. respectively) 
The werall devlene in federal share ale hodds for all the re- 
ported MAE fare ficids crcoge the agricultural sromoes ( whach 
umtoased sieghth from 29 to 4) percents Mamy fickds have 


capercnced siaght incrcascs on federal share durmg the firs 
half of the | 94D. 


Federal Support of Academic R&D 


Top Agency Supporters 

tederal obhgabom for academa RAD arc comcentrated 
m threes agomcres the Nateonal Inettutes of Health the Na- 
bonal Soom boundation and the Department of Detenw 
Together these agcuics are oxtemated to have prom ded ap- 
prowemately 82 percent of total federal fmanceng of academa 
RAD m 199". as follows 


@NIN S&S percent 
@ NSP 1S percent, and 
@ DOD 10 percem 


An additonal | 4 percent of the | 99" obsigateons for aca- 
demx RAD arc prided hy the Natrona! Acronautics and 
Space Admunestranon (NASA. 6 percent! the Department 
of Energy (DOL. $ percent). and the Department of Agricul- 
ture (USDA. } percent) (See appendin table $-45 ) Federal 
otigatioms for academn research are Concentrated samilart 
to these for RAD (See append tattle $-9 ) There are some 
differences, however unoe some agencecs place greater em- 
phases on develapment (D001) while others place greater 
omphasts on research (NSE) 

Durmng the 1080s NASA fundeng of academe RA!) w- 
creased most rapidly. with an cstimated average annual 
growth rate of 3 | percent per year mm constant 1997 dollars 
The next haghest rates of growth were cupernenced by NIH 
(2 7 percent) and NSF (!) 9 percent) Betworn 1996 and 1997. 
total foderal othgatom: for federal RAD are cetunated to 
dechine on comstant dodlan Only NSE (by | percent) and DOF 


. * | Aer 
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industry-University Ties and the Conduct and 


(yromong oodustry sappert of academa RAD and cx- 
pandeng indweln\ ue omety bes have grven nec to feo con 
corm thal Gnnecrtes Comnmeteeont to hasan rescarch may 
> umdorrened and that froc and open diwtosure of aca- 
Goma foscurch rewlts may face roatncham In a chapter 
on ( hellewer to the Resear’ | aeverun. Westies MC ahen 
and coauthors Rachard ft harda | ucoon Kandaszese. and 
hoten Walsh (948) came these neues in light of rocen 
research Key In pothoses and research rewlts ate surmma- 
rived here 

\ qumier of onda ators suggest that dustry -anrver- 
wt) fowarch relator. have ondood capanded waistantialh 
comoe the ned 1970s The undustry share of academe RAD 
has more than dewhled durmng that time In 1990. | 056 
umverat) dustry RAD comers neath 6) percent of 
thom ostatteshed dung the 1980s spent $2 9 bilan on 
2ALD) Patonteng at the top 100 research unrversties c1- 
cumded from 1°77 awards m 1974 tw | 486 m 1994, 200 
ofthc. admmmestered tochnebags transfer and lconsung 
ate wes oo 1990. compared with 25 mm 1980 The authors 
abe Cite anoodotal ov adenoe of an mcreasc in spinoffs of 
‘avit) pata epatan om mew forem shong with imorcasnng 
oQquity shares held Db unnoratees on firms nan off to cam- 
meroulire aademnx research outputs 

Diflorent umcontnics motrvate firms and unr erssics to 
torm these partnersheups U mrverssty insiatives bed to the 
ovlatistment of almost three-quarter of the university - 
om@estry research centers 61 peicent ongunating with 
tmulty |) percent woth admenretratan 

ihc authors Inprathessze that firms profs moentive may 
mc ieme ther to comtrel access to rosalts of research they 
hac sponsored and that rt may aleo facus them on spphed 
cather than has research The conflct: with academe: 
peont) the free and apen pubbcetan and drsemenation 
of thew research fendengs. whech os the source of academac 
commence and the fas for further scocntifix inguary Thus. 
ardewgread undustry unnonsty lollghorabons may induce 
vbofty toward mare applied academa roscarch and revuincted 
dhe besure of academs research findings Others have wag. 
ecsted that forms. man stuft sene of thew mternal funda. 
onentel rescarch to academe 

(Cohen | herda Ramdarzesc. and Walsh prone cone 
evederce for thee hypotheses (0m the neue of restricted 
access to rewearch results. $3) percent of a nahonal sampic 
of uneversdty -undustry research comers allowed firms to 
request pute atom delane §S percent permeated deleting 
of nfiarmatecn pmo: to submewween fer pubbcatan (( chen 
blorda and (rac 1994) For 117 comers whose mesons 
most strongh wapported an cnentatan toward undustry 
needs. thence numbers were hugher publhcaton deiavs 6} 


percent deleban of mformaban $4 percent Morcover. 
vtudy rospondents reported retirxtams on faculty com. 
mun ations with faculty and stall at the home university 
(2) percent) wth those at other unrverssties (29 percent). 
and «ith the general publa (42 percemt) These sumbers 
are avout |S percentage pounts higher for conters strongly 
onented toward industry needs Cohen, flonda. 
Inatean and Commun atoms rostinctans may he contasmed 
i agreements. they are not necessarily always empic- 
mented They alo ondscate that umplomentatian of wack 
restmcteoms may umderminc key channels through whch 
wademnx research affects industnal RAD 

Semslarh on a samphe of Compares wapporting aca- 
dema life scvemce research 8) percent stapulsted that re- 
wcarch results Could be Lopt canfidentsal pondong a pater 
appix ation 47 percent had agreements permuatting at casi 
oscassanal ombargo of results beyond the patent apphce- 
pan ( Blumenthal ct al 1996) Ina survey of academax toch- 
nobogy managen 'Y porcent reported hav ing agreements 
that placed restnctrans an faculty shang mformanon re- 
gatdeng RAD breakthroughs «ith departmental of other 
center faculty in that study. “9 percent of the technolagy 
managers and $3 percent of faculty wath capenence im in- 
teracteng seth firms indicated that firms had asked for 
RAL) results to he delayed o¢ Lopt from pubhcatian (Rahm 
1995) Cohen. Plonda Randazrew. and Walsh note that 
the cunstence of spenoff compames raises the same ect of 
questam and speculate that semolar pressures may appl 
to the Comaposstos and dewtosure of research the mann 
difference heung that they would be generated by the fac. 
vity rather than citernallh 

The ov sdence regarding a draplacement of has by ap- 
pled research 1s lew clear Several studies have found an 
emeurk a! asx aban hetecen greatcr faculty industry in 
teractom and morc apphed rewarch (Rahm | 904 Morgan 
199) amd 1994) another survey found thet stronger center 
mrwean focus on impron eng industry actrees was asso 
uated with jower shares of comer cffon gomg toward ba. 
ox research (Cohen Planda aed Gac 1994) However. 
while achno~slodgimg the difficulty of drawug 2 hound 
ary between basx and apphed research ( chen Flonds 
Ramdaszew and Walsh mote that unrversty reported NSE 
data on the composmon of academax RAD fail to reflect a 
stuf away from basa reecarch etech constituted 67 per. 
com of academe R&D durmg | 980-85 and 66 percent 
during 1990-9) They pount owt that indestry support may 
be attracteng faculty already mclned toward apphed re 
search rather than ondwoeng others to shift away from hasa 
research 
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“a be an important!  comiriiwter to that 
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rob i Sec figure 5-6 | NSP 0s the load funding agency 


pirvenal wsomes: }4 percent of total funding). math 
i percent) and the om wonmental «rences (4° 
[POND os the lead funding agencs on the computer 

iM percent) and on ongeneering (38 percent) HHS 

ced funding agency mm the life scoences (85 per- 
he wactal ceonoes (4! percent! and psychoiagy (86 
Withen SAE feme fields. other agencies take the 

ew tals im fiwvencs (46 percent). USDA m 
ral weenoes (99 percent) and ccomomns (7S per 
oi NASA om astronern (68 percent) and im both 
MM! mercent: end asiromautical (64 percent) 


The Spreading institutions! Base 
of Federatty Funded Acadernc R&D 

Destc fuctuatoans mer the past couple of decades. the 
number of madera imstitulsums rocening foderal support 
for ther RAD actrvetees has mcreased mung from $55 m 
'97* w GSR wm 1985. and t BE] mo 1985) | (See temt table 
S| | Since most research and doc torate-granting institutoons 
were already rocen ing federal support in |97S almost the 
entire umrcase has ocurred among comprehemenve. isheral 
arts two vear cognemunrty jumor and techmcal. and profes. 
womal end other apes ialized schools The sumber of sach 
insiutuboms rover ing federal seqypert has just show! dowbled 
ower the 1975-95 penod mung from 335 m 1975, to 422 
19RS and to 654 wm 1995 These matitutons are also rocen- 
ung a larget share of the reported federal obhgatons for RAD 
wo unnerwoes and Colleges now than inthe past = | | percent 
mm 1995. compared to ~ percent m 198 
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Revonth legrstateon has heen passed thal requires fod. 
etal apemorcs to demonstrate the umpact of then programs 
See “UPRA Instituteng Accountatelity on bederal Funding 
of Academa RAD” for a discussson of how thes loeniathion 
hopes to rmprove fodera! plamneng and management in- 
.Tease accountability for and asscsement of results. and 
pros nde Netter information foe cangressonal and agency 
dex eommmnaa ing 


Facets Overview 

Total Space. Hetecen | 9RR-89 and 1496-9" total aca- 
deme soemec and cngiunecrng rescarch space increased hy 
almost >) percent. from shout |!) malhon to | 6 milan act 


asegmatle equare fect (NAST) (See appendm table S-12) 
Planned construction capenditures for academx research 
facies are cupected to reach $} |) telleon (im comstant dot- 


“Chew oe ta ertars amd entrwecetsince aft taboe prema freee ac cre 
WS eaggnerted cer ess A atmagh term are Grime qgacrtx eth @ cach oe 
“Oo gemete: faces cxgemitres |i) are cleeefeed @» caps’ fared 
Date fran? acme cat o tekdenge ()) offtee Cowt eet of Gofiar amd 
ate eee ome tates © the RAL) cogedaurr: a nopertied here | gospemrer 
sft eatramrtes (te ler. ar oard ance, Manages. are goarreth mom witie 
perched © eh ourreee femdh ond om hated © ether BAS) cagemiewes Me 
Bone eC Ee are tet tlh CeCe em lage eH ramCetatace 
oo ert Commad re. lpwertent es cate fa cht ce ogegemrer 


Thee ettowrtagiecet om there cectaat  Grrned frome NSE) bares! Sere ot 
Scammer’ smd § ngpeeereng Bewcert $m chters a | neverwtars and ( odingers 
doe more Geteeed Gms anf shade ce madre SA cower. t fm eters | tow 
cramer th etter pe and omer) oe NM OO 


Rewer quae boty cetiery to Oke net eenagnatiie aguare footage of quae 
Orie (am liters Menkdinge oe tat SAF reenern? ate mers ue pla Meet 
gear fere pee © ther Same ta ehter mat ms se offac 5s prowmind & refi: 
he propeetor ¢ ume Grvoted & srenerct ate mers SAM Gate are coperied 
tor commbened wears fe g 687 08 Gate are for fecal veers 108" ond RE 


latsj in 196-97 If thes planned funding materializes. « well 
revetee the recent dow mw ard trend that hogan hetecen | 94) 
4) and 194)-9) ( onstructan cxupenditures mm comsiant dol. 
lars peaked at arownd $) 4 belhan m 1990-9) dropped to $3 0 
bellean on 1992-93. and dropped again to $2 8 bellon m | 994- 
#5 (See appondin table $-13) 

New ( onstruction. Sow Comsinachom propects imetiated 
tetecen 1986 and 1995 were cupected to prewdace over $2 
mihon «qaarc feet of rewcarch quae when completed tr 
oqun alent of about 1 percent of cvumnated cunsteng research 
face \ sogref cast portion of the new roscarch space bake 
ropdaccs otwabetc ot madeguate space rather than actually w- 
CTeases Cuestemg space thes rs endecated ty the fact thst the total 
amount of rewcarch space creased ty 24 mufan NASI be- 
twoen | 988-89 and 1086-97 wtule new ComMtructean cntated 
heteoen | GRE-89 and 1444-95 was caupected to mcreasc by 4) 
malbon \NASt Planned ace ConMiructon propects uneiusiod em 
\Wh-9" are expected to produce post under || mulbon square 
fect of mew research space (See append table S-12 ) 

Repair aad Rene ation. |\anned cipeeditures for major 
ropaat Tenovaton (1 ¢  propects costing ower $100,000) of 
academa research facthises are cupected te reach $) 3} byi- 
hom can Comstant dollars) an 1996-97 These caupendstures also 
increased between 1992-9) amd 1994-95 rremmg from $905 
milhon to $! | belban om constant dollars (See appends tahic 
S.13) Wheke cxpendstures for major repens Tronowsten in- 
cteased between 199)-93 and 1994-95 capenditures for 
emailer SAE research felt, repaet reno ateon propects 
(thone costing bows than $100,000) decreased droppang dur- 
ing thes pernad from $26! melon to $135 mulhon m con- 
stant dollars Propects immtoated between | 986 and 199% were 
cupected to result in the repas renowatice of over $$ ruthbon 
square feet of research epace * Planned projects mstiated in 
19-97 are cxpected to result in the repant renovation of an 
addevonal |\ ~ milan square fect of research space (Sec 
appends: table $-1)) 

Ropar renom ahon cipendrtures as 2 praportan of total 
vapetal cupendrturcs (comstruchon and ropa ronmom atom ) have 
imcreased wtcadsh since | 990-9) mung from 25 percent of 
ai! capetal propect spending to 0 percent by 1994-95 Forty- 
three percert of all rescarch-performing colleges and um- 
vereres arc planneng to undertake some type of reper 
renovation costing over $100,000 durng 1996-97. 29 per- 
com are plamasng to umdertake construction prosects during 
the same TaoTiad 

Sources of b wads Some | 48H there havc hoon some shifts 
om the segmficamce of varvous funding sources for the can- 
truchon and ropa renovenon of SAF research space While 
the relate rankings of these sources have remamed faith 
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GPRA: instituting Accountability in Federal Funding of Academic R&D 


In respensc to the (humton Admunstratran s cffort to 
mn toward a government that works better amd Conts bows 
(Congress passed the Cavernment Performance and Ke. 
sults Act of 1993 (GPRA) GPRA aums to stuff the focus 
of federal agencess aeay from adenoma! Comcerm wich 
as staffing and the level of services peo whod and toeard 
reomlty Specifically. GPRA lonks to enprovc foderai plan. 
ung and managemen! oncreax accountadelsty foe amd as- 
sossmnent of results. and provide better onformanon for 
Longresmonal and agency decrmonmaking To accomplesh 
these and related goals, GPRA roquires every foders! 
agemy to peepare detasked multiyear stirmtegn plan sn. 
nua! performance plans and annual performanc reports 
These documents grvc agemccs formal tanks with whch 
to set forth poals prepare plans to mect those goals and to 
essoes and measure progress and a compiistwnents on 4 
rogular and +) stematn hase 

(PRA poses a partcular challenge for thone agencecs that 
rant aseces the wocmtcta rowcarch programs they fund in 
fact. the Croners! Accounting Office (GAO) tas found that 
measting the dmarcte Comtnbunon of a federal mutisine to 
aspect program rewlt » partacularh challenging for rogw- 
aloo’ program «ecntifa rowcarch program. and programm 
that detreer sen nocs fo taxpayers trough therd partes wach 
as state and local governments (1S GAD 1997a) Regard- 
omg fescarch programs (40) poets cet that the amoust of 
racrmey sperm on RAD has hoon used as the pervemary wdaca- 
tor of how much research 1s fewng performed » a grven aca. 
haut that wach an oypee undicator dors not prom ade a good wdh- 
vahoe of the catcomes (rowlite) of the research In a recent 
repert. GLAD) motes that 


CAperts on rewcarc? mecewroment hee tried tor voar o> 
aovchop oxdcators thet eowkd prom nk a mceseee of the 
rowlts of RAD Hewrver the very nature of the ene 
toe Pracest ake: meanuring the performance of wacmce 
related peosect: deficudt for crampie 2 eade range of 
factors Getermene of and when 2 particule RAD propect 
ell rewelt m commmercesl of other honefite ft cam she the 
many years for s research project to schieve 
rewalite  bapenemces froen pebce cflort: made somber th 
Ces ormment Performance and Resin Act tune reemiorc ed 
whe tomdtemg thet cutget smeauares arc hugh cew rfc b> the 
onamagemcnt amd mewcoe of cach fedete! ager. amd ther 
no wonghe omdac ater Cuzets to meewae the reeutte of te re 
scorch (1 8 GAD 169%) 


The Subcommutiee an Research of the ( onmmaettee on 
Fundamental Scrence. which operates within the 
Present 's Office of Sceence and Technolagy Polscy. has 
heen working «rth federal research agencoes to cxtaish 


a broad framework for GPRA umplomentation im the as- 
sessment of fundamental wocnce programs The subcom-. 
mattes sizics that 


The Contral sass om aserung fumdemomia: a como ines ot 
det mong Oe gow! gaunt hah progress 1s mmearaed The 
\demamestrebon 6 wom: poi) Matemmert = somo om Mar 
Nateomal Ietereet” [(C Senter. aed (rors 1994) cotebdeetrs 
that poe! os leadervbep across the frommen of scacnnfx 
amos bedge The me the critacal measure foe assuring the 
Arar an & somtests are copending the brews beckge baw af 
tine Seadung cdg 

| coker tup © atastace Gor ot CMa sangieta cmc a 
‘eam of fate pera (Re metas) anterrw on load 
cordeep costs in han wag ca rescarc> and ode ataonal programm 
frevtorm a the (tteng cigs | wemctarmars @ Comngertaee, tee 
often © ptt codighormts © «ah qscmtets from cae no 
mom The gual o the prmcgel guadcleme for geeramer 
ereardvep of wacmoe ot the nateomal eterew hon an ce 
abieng ¢ omcrmedate Ogectec | ah rewgect to fer eer 
at eng goes of enpeo. od heath and cr woewnen nator 
“wt comma prapent and quality of bie 
once Gres poagres: tomard te Pea RR GS 
ower 2 omg fem permed aad omy as part of o larger omer 
fee roquanng a compiet waerpin of acmce and tech 
AYA e A soe ah ince ropwister) omrthertual prop 
om) orgie amd trade potcors ( cmmeguenth th onsite 
pow! of macnnzmeng broad wremiofs ieaderwep ns that ahah 
padres the mammapemnent and aoewement of teas +) wom 
emcwemere fh prem ades the prea gna! ) arddetc’ for (PRA 
aecwwment trmegecs fo famdamental warm program 
NSTC 19@) 


The wihcormmetce com hades that retrospectrve cvaly- 
aton wil have to he the mam assceument tow! and that it 
will have to be updated penadhcall to cvamanc the lnk 
hetecen fundamental «oence and the overarching nshonal 
goals A fmal concern retated to GPR A’ umplementanon 
man RAD om womment 1s that ft may camer scrence agen- 
ores to focus on processes and process resues and to set 
wnfiexshie process goals Such an approach is likely to m- 
terfere with the comduct of research. «wtach must be fles- 
thle and changcabtc to be cffectrve 

Agencecs are still struggiing « ith GPR A’ requirements 
am thes arena. puzzieeg over how to balance the need for 
planneng with the need for flexitelety the need for shor. 
term measures woth the realty of accoenpirshments that 
wih ont he reahszed im the bong term Diewpete these chai- 
lenges. GPRA ts an emportant roqurrement and can be an 
opportund) for government agencees. ( ongress. and the 
Umevenety Commnsty to hetter Communscate to the putt 
the value of w~wvestments in RAD and educahon 
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Ota «rth state aad kee) QO Cres Per adeng ec larg 
ow share of eappert. folhewed hy emstrtuteomal funds thir pro 
tf tutedeng for whach they accoumt hance changed 
werctimes dramataaih View vinkingiy POIs of 
furmds orm nied through prnvatc donathoms has dechned in 
¥ie-5” thes scarce accounted for atleast 20 percent of com 
Mina bon amd reper rome aon furmdeng th 1904-45 however 
ts share had dectumed to shout |) percem: Thee reflects a drop 
n pr ate donatoms to pulia institupoms Also of note other 
dem grew from a 0 ) peroem share m 1986-8" to account for 
$9 meroent of furs wm 1994-95 thes reflects the mercascd 
mportance of thes furndeng source to pen ate mnsttupoms Dur 
me the perv furs from federal souroes © aad from tan 
crempt bonds first grew in significance the former 
mereaung from 6 percent im | 984-5" to shot 14 percent m 
roth | 990.9) amd 199)-9) and the lamer froen past below [6 
meroent to show ]] percent mn 1990-9! and then dropped to 
sccount for emailer owerall shares mm | 994-95 ( shout § amd | 5 
percent. reepectrcty) (Soe appendm table $-14 ) 
in general the major sources of funds for ace comsirux 
han are mot the same as those for ropa remem ation About 4' 
peroemt of the fumds for mew comeiruactsan comme fron state 
and kxal gx ecraments. edth show 16 percent from metty 
toomnal funds The sagmefacance of these fumdeng sources 1s fe- 
erved for repast renmatian About 4!) percent of the funds 
for repast fom aetean comme from metetwteomal funds and 2‘ 
nercemt fron: state and local funds The proportion of repasr 
rots strom fumds frown the bederal Coos crmment mcrcased froen 
A neroem om | GRR-89 to singhth ashen’ 10 percent m 194.904 
atele the foders! properton for new Comsetruction decreased 
from |4 to § porcemt Gurng the same persed (See append 
table 4.14 
Puls and pry ate onstetwborns draw upon sutstannalh dif 

ferent sewroes to fend the Comsinacton and reper ron atom 
f research space (See figure S-” ) Putte emetetteoms rch 
mrmarih on 
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@ state and kx a! furdeng «fech accounted for percent of 
thew total fumceng mm 199)-9) and 6) percent m 1994-95 


@ tax -crcmpt howds. whech accounted for | 8 percent of thew 
total furdeng om 1992-93 and 14 percent m 1994-95 and 


@ onetrtutooma’ funds etech accounted for | 4 percent of few 
total fumdeng om 199-9) and | 5 percent m 1994-95 


The bevteral (onerme ... share deoctemed fromm pest atene 
4 percent m 199)-93 wt bow 7 peroomt m 1994-95 


Prryvate metrtupom. for thew part rel prumarniy on 


@ instrtutona! funds. ehech accounted foe }) percen of thee 
total funding mm 1992-93 and 99 percent m 1996-95 and 
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@ perate domatiom ehach oocoemted for sboas | § percent of 
thew tots! fundeng om 1992-93 amc 2) percent m 1994-95 


A sagerfscant ebeft m the enpeortamce of tan -cucmnpt bonds 
as 2 fumdeng sowerce for pr ate mnetetyatom accurred hetecen 
199)-93) when they accounted for about 2! percent of tosal 
fumdung and 1994-95 when they dropped to only show | 0 
percem The deciene im the omportance of tax-cuempt howds 
over thes permod eas rough offuct by an increase om the charc 
of other dete from shout 4 percent to about |4 percent (See 
append table S-)4) 

( em@ition aad Adequacy Keportced dats suggew intic 
change wm the comdmon of academe SAE research space be- 


Sowrwe 6 ingewery Pocatos ‘OR 


Tent tadee 5-2 

Condon of acadernec scence and engmeenng research tecathes 

Percevtages 

Agsenee CONGROr Of aCaGerme “Etttors eeeerch space he ' ‘ a] —~- 
Swtatee for use © Os! sree, SOpheSiCeted earch “9 29° ee me 372 
Etectwe tor on uses tnt Of TOs! scritcely sopfestc ated me m5 Mr we 

Re Ne IE Hews 2D De une! efector, 735 735 224 231 439 
ReQures Or eRe Tenowsthor fo be seed effec treaty $8 $$ 28 28 05 
LA OS aA vy at 4: 


A ot eeaeetee 
WOU Percentages “a, cof tote 0 Ocean of retry 


ey ERO REOrSS eee Ce YgR? & botatae tor he most SOernic ah COmgettwe wena? — efectes tor mont ween of 
wee Ct ay RT Re Rr Oar aT RR. MF Sr egtOr OF ORECE ETT to te aed et ser, 


he Gate for 6 Geer RD ee Category) mechan Gaeee eQunG “HERE 


"he (aegory eae feet seed © te OED ere, 
oe De late 


reoen 1488 ard 1984 ~ | Soc tout tale S-2 | Sprocef cally. ates 
» quarter of the qaace was rated as surtaiic for ae m the 
mrt woomtrtaaly «phen sted reoscarch steest a therd was 
waiged to be effecting for mest aes Det aot mont scscmtef)- 
ally sentestacated bows than a quarter was reported as nood- 
ng lemeted reper ronm aston. and show a sth was wed to 
rOquete Mapet fopar rome ahem of roplaccment 

Tike | OMS sary resem Cammoat he rcadhh Coenpared to 
these carlect nowalts hocaue the wording and rower choses 
tune hoon changed Specifically. the caenher of reoqnomer cat- 
panes hus een redwood froen free te three santaithe for the 
mot soontf scaly competstine nowcarch. cfloctrve fow mont kes - 
oh of reowarch fet mun ood beeted ropar roman. and 
"OQUETCS Pager PoROS amon of replacement to he weed effectnch 
Tires hare owwcntaaly rowlted om a steftung of atwas coc -therd 
of the pace characterized m 1994 as “cffective for mow cers 
hat Get meow socntfacalh saphetecated to the mew category 
wuntaittc tor the mow «sontacaih competing rowcarch and 
the other teotherds te the ace categery “effective for mow 
Lock of rewcarch. ft un soo heed roped rose ste | 

( eemet Newds. | tcrmemeng © het wen cretecs and Cotheges 
nood wath regard te NAF rewcarch space 6 a coenpdes matter 
te onder to mowwure teal 2s agpened to qpeculstr © moods the 
174 faceless serves adopted 2 mew appraach to thes reser 
Paull) cowpemdonts were asked to ropert whether an anges od 
mtn plan curted that om hadied am deferred quae nood 
ing ew COOMITECtTAAn of ropa tome aten Rownemdonts wcrc 
then asked to cvtmatc for cach SAE fickd the cots of wach 
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comtinates and ropae nomen ation progocts The 1086 survey 
o\pardead of thes quewisan Ps ashing indituben to roped! pe. 
ratety the Corntructsan and ropwer rom atom Costs for peogerts 
ox haded wm wach plans. 2s well as for propects aot chad 

in 19S 5 twetal of 40 percent of all rewarch-periormeng 
annotate and Coflgpes had an angers od intituonal plan thst 
omhaded COMMtTaCEn of Tope fom son progerts that were 
othe: deterred and enfeedod «= The eteruted cow of thow 
Prepects @ comtant dollar was % ) ielhoe $4 4 Delon for 
a Contractor and $1 § bellsen for ropa rome ataan In 1a, 
44 percent of rewcarch-pevioemeng mntstutcens repertod han mg 
an appecs od etztutsomal péan that wx baded Coetina trom of re. 
Peer TORR aon progerts that were meoded bet that had to be 
deterred hocauw funds wore mee naslatke Thowe phar cred 
87 4 belhon of deferred capetal progect expenditures im con. 
tam dolla. 46 bellon for ace contraction and $2 § bel. 
leon for repae romesatean Thee total reoprewnts 2 $! 2 ballon 
wxteaw © deferred cCapetal progect cows hetmoen | 484 and 
1n the majoerty foe ropaer nomen ation (99) melisom ) and the 
romaendcr mm deferred comstructson costs ($299 malo) An- 
other |) percent of rewcarch-portorming initutoens adentel ied 
81 9 bethoe of nooded deferred . apetal peopect cupondhtures that 
were ont mchaded m an eeetitwteenal plan | §/ () bellon for ace 
comtna tion and 4) 4 bellsan foe ropa roms ston 


Facditves by SSE Fietd 
There was bethe champe on the drtnbution of acaderma re- 

search space across SAE fietds hetwoen | 488 and 1996 (Soc 

appendn table S12 ) About @) percent of current academe 

research space Comtemucs to he concentrated um sn fichebs 
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@ the eclogncal weemoes (2! percent m 1498S and 2) percent 


@ the meodace!l wecmees 1! peroent me 1 ORE and 18 neroce 
wre, 

@ cogecermey itrom |4 t 16 percent) 

*~ agtx witets! wecrs (16 perooe m hth veers) 

@ the pin wcal cecmeces (from |4 tw |} peroent: and 

@ the om woemental sects i from 6 to S peroent) 


The rato of Manned Sew Comtractean during the | YEA 
Ss merexd to cxmteng roscarch space differs acrows SAE 
‘vols «=. Mee thea Rall of the cowcerch space for meeddecal 
“news at medkcal «feels and for COmnpeter «rence ap 
pears to func Roem Pelt om the 1 48-9S permed In contrast 
os than “) percent of the rewarch space for matheomatncs 
od pyc hole, appears te have hoc aew hy Comstructed dur 
mg thes pera’ (See fogure 5-4) 

( emdition sad Adequacy. | hc comdom of a ademen re 
woarch space ahve differs across WAT feckds In 1996, the ag 
ra ulteras wectcs roperted the Llatgest propertsan among al! 
SAT fwids stew D4 percent of reecarch apace m need of 
map feper feRmaton of replacement (Mier fickds with 
hoghct than nctrage moods for ropa rome stron oF ropa. 
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mem arc the Praca! sectors (14 percent of total rescence h 
ace) the om eomwnental scremoes |! 4 porcent) and the mod: 
cal wrcnces both om annonces and colleges (2! percent) and 
wm modecal «tends (0) peroent) in contrast. maser ropes rome 
vahon of replacement was aceded for anh |} percent of the 
wes! research enace mm the wxcual wocnces. |) percent m psy 
chology. 10 peroont m mathomatas and lew than * percent 
wm the COMpeter wrcmocs No particular trends have cmenged 
as yet wath respect to changes er time mm ropes rome sion 
mowds acrows MAE frets (Soe appomdin tate $15) 

in 194. 40 percent of more of all mstitetrom sarveved 
omin ated madoguate amounts of revcarch space im cnginect. 
ung. the pirysecal sceemces the Deokogecal sceemoes outeade of 
medal «trots. and the medecal wecmoes im modecal «howd: 
(See appermdia tate 5-16.) One-therd of low of all unstite- 
hors warvoved mix ated madogustc amounts of SAE rescarch 
Pace mm the om woewmental «ecmoes. the agricultural seems 
mathematas peychotagy. and the wxsal wremees In 1006 
40 percent of more of all mettubom mvbscated madoquatc 
amounts of rewcarch space m all SAL frekds cxcept math. 
ematxs More than half of af) inetituoms midscated madd- 
oquatc amounts of newcarch space m cngmmecning. the pin vecal 
creme: the eobagecal scremoes outsade of medical schools 
the modacal «semoes (hoth om and outed of medical «howls ) 
and the agrcultural sceences ft uncicar how much of the 
change that accurted over the two pernads 1 duc to change 
on the sarvcy Quewteommane rather than to an oc rcaseng mad- 
oquacy of research space * 

Lemet Needs. Deferred and unfunded moods ciumted 
all SAL feckds om 1996. The fickds mow frequently cited as 
huvong an unfunded need for new comsiructian of research 
factistecs as part of am emstrtuteomal plan were the agncultura! 
serenoes ()! percent) engmmecenmg (19 percent). the medeca! 
screnoes om medscal «heads (14 percent) and the phrysecal 
srcnees (1) peroemt) (See tout table 5.) ) Untamed aood 
foe TePRAH TORO shan Propects roported im an untrtutponal plan 
eas indecated moet strongly m the beolagacal and modecal 
svences withen modecal «hoods (}) and 4) percent. respex- 
treet) An addvtvemal set of institution reported deferred 
Capetal propects fer both mew comstruction and ropes remo. 
Vatioe « itheeat am emstetutsoma! plan m all SAE frocks «sth a 
lange peroe@tage of mretitulbom m cach fickd reporting a aced 
fow ropes remem strom propects than for mew ConMtruction 
Progerts 

In fowr frocks cxtemated cupenditures for nooded capeta! 
PROPECTS (Ew COMSETUCtION plus reper fom ation) were over 
Si bellecen tome haddomg those adentified on an mstetutrcnal plan 
of mot ma plan) the plryvescal ecoemces (S$! 9 Pelham). eng- 
mecring ($! $ bellsam) the beodagecal scremoes cuteade of med. 
cal schomts ($!) 4 bellsen) and the medscal scuemoes om modecal 
stools ($1 3} Delisan) (See appendi table $-17 | 
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instrumentation 

tipeaditeres. fp (%?S poet mer $! 2 lho m curren 
tend caperadtercs was sneet for academia rowcarch seetre 
menttateee (her SO percent of thes cuperdtures were Com 
cemtrated om three fais the life weenoes «348 percent) 
emgmmecrmg (2! peroent) and the ply wce!l wrenoes (14 per 
oom) (See fepere 5-9 

Hetworn (48S gmel 19S Current fund cvpecmbtures for ace 
dome rowan h ieetrwmentaties few oxrcacd grow mg af 
*” *etage anneal rate of © * percent betecen (98S and 

9 then dipped droppeng ateest ) percent 2 vce for te 

mest for years fehere rceernng and growing fh | 6 per 
cont trom 199) te 1994 ged Ps 9 6 perooent from 1984 te 19S 
m coment (99) dollars) There were varatiom m growth 
patients dermng the pores! sreomg WARE feck (Soc apgeendes 
wae 4.158) 

bederal | wadimg | cvkers) Sumkh: for metrumentatiom arc 
generally rocened cother as part of rescarch grants thas on 
shlong the cowcerch to he performed of as epersic metre 
mettathon grasts depemdmy on the fundmg polices of tic 
partx wiar federal agemcors omothed The anportane of fod 
ctal furieng foe cewcarch oestrummentaiom vances ty fick in 
199s the wxeael ecoctees rocemed sheat 40 percent of thew 
research oquapement funds from the beders! Can cramecnt fi 
comtras’. federal sapgert accounted for over 0 percent of in 
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Vrumentatoon fucding om the Pir saa! wecTR eS COEMpUtCT wr 
CRO. CH Hroewmental wrcmoes Pevchotagy. and emgmocring 

Semce 1O8S the share of rescarch intrumentation cipen- 
dtures fumded the federal Can crament hay declined 
sthough mot stcadshy «= dropping froca 64 to 69 perwent The 
overall pattern masks different trends in indn dual SAT 
fk: Im ome fecid the on erommental weemces = federal 
veppert actually rose. alert very sieghth. accownteng for past 
below ©8 peroeet of the fechd + meetrumentahon sappert m 
198% onl past alkene G8 percent m 1499S Teo other fects 
evpemenced sharp declines m federal support during the 
decade The feders! share for mathomatn. ietrumentatam 
dropped froen 8) to 89 percent. and the share for competer 
«ROSS HaMtrumentainon dropped from 8} te 6) percent 

RAD t qeipmeat latemsity KA!) cgqupmen imtcmety 
rs the PeTOeMtage of total anneal RAD expenditures from cur 
romt tums devoted to research ogumpenent The propewrteen 
has dev bene sem 198 when rescarch oguapment accounted 
for > ) percent of total RAD expenditures (See append 
tac $-19 ) By 199) RAD cguspement mtcnety had dropped 
two S ) percent « has ame unread sighth © S 6 per- 
cont m 1904 

RAD equipment mtenswty vars across SAE frchds ft 
tends te thee Reger m the computer scrences (11 |} poroent 
mm 1998S) phwercal scocnces (106 percent). and engmecr. 
img (8 2 percent) amd lower om the scea! scremees (1 6 
percent). psychology () | percent). and life wcseneces (} § 
percent) Thes deaparity ms prohably the result of the batter 
three frets worng bows cguepment and ov lew cipemenc 
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instruments than the former three Although the recent 
steady decline on RAD equipment intenuty was not felt 
equally om all SAE fretds. the 1986 figure was higher than 
that for 1995 om every feeld except mathematecs In that 
frekd research equepment as 2 proportion of total RAD 
expendstures rose from 4 S percent m 1986 to S$ 4 percent 
om 1995S The data mdtcate. however, that the decline in 
RAD equipment intensity began to level off of reverse m 
199) for met SAE foclds 

Steck. ( enditios, and LU ve. Hy Comgresseoma!l mandate 
NSP has meonrtored academna noscerch mtrumentation sta. 
tus amd needs comce the carty 198i " As of 1993 (the mow 
recem™ vear for whech detasied imstrumentatiom data arc 
avaraitc) the 318 colleges. anreretes and moedscal schools 


represented mm the warves reported 2 comPhened ostunated sick 
off) 684 onstruments with an ostemated aggregate orginal 
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purchase pre of $6255 belhon = These oe*rwments are 
categonzed as shown in teu tate $-4 thew comfition and 
wage were Taeed as follows 


@ Matatenanace aad repair, Respomdcnts rated 4 perien 
of the instruments a. recen ing ahene adequate to crce!- 
tent masmtenance reper in 194) Mammtenanace reper was 
yadged less than adequate of pow for omnis § percent of al! 
instruments 


@ State-of-the-art states. (here!) |” percent of the metre. 
ments m research wsage were rated as state of the art An 
addtional 6) percent were not state of the art. Dut were 
comsadered adequate for user soeds Only ¥ petoent acre 
rated 4. madkequatc 


@ Average age. \fow! 4) percent of the research wtruments 
m usc im 1993 had boon acquered «ithe the prow sous four 
years Another ]) percent were over coght years ofd and 
the average age of 2 research instrument was 5.8 years 
(See appends tabic 5.2) | Seventeen percent of all m- 
“rements costing under $! aullon were lew than two 
years old mm 1993. but only * percent of metruments over 
S$! mullom were that new 


@ Use. Sruty -four percent of the mtruments reported im re- 
search ase m 199) were used exclusively for research 
Most of the romarader (5) percent) were axed prodom- 
nanth for research with some instructional awe Only 4 
percent of the total were used prmanh for metructon 
with some research we 


@ Average aessber of esers. An everage of )4 2) wsers per 
iastrument was reported ‘(rraduate students and 
Pontdkx torates assagmed to the unit ow ning the mmstrument 
(ie. the host amet) comprised the «angle largest category 
of user an average of § S per metrument Om average. 
there were also 5 * faculty waers from the host amet, 6.0 
researchers from other units m the host mtitution. 4 S 
researchers from outwde the host institution and | § othe: 
users (pomanh staff and undergraduates) In general 
and mot warprsmngty «the higher an metrument + state-of. 
the-art ranking. the greater the number of rescarchers 
weeng & For mstance. an average of 25 7 rescarchers used 
the state-of the-art instruments while an average of )4 > 
weed the mnstruments tha! were mot state of the art but that 
were adequate for thew research An average of 20 5 re- 
searchers worked with instruments that were rated as 
immcbogpaatc 


Needs. In the 194 Invtrumentatron Survey mont (64 per. 
com) of the responding heads of academa departments and 
rewearch facilites reported that ther research mmtrumenta. 
hon moods had mcreased sence the hast survey om 199) A shem 
maporty Sk percent were wateefied with the overall cape- 
belety of thet c\ sting inMrumecntatoon to wapport then faculty + 
research interests The remameng 4) percent rated ther 
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row arch imtrumentateon a. madequatr and owumated the Cost 
of ike roquente upgrading a a tots, of $1 438 ballon 

AL) rewpomatents were asked to leet arxd extemate the Combennd 
cost of the thtec top-preonty roscarch satraments costag over 
$20.00) thee faculty mowt sevded Ten percent of tie respon- 
der. saad the fal oe enemechate mood for addons! ostrv- 
mrents on thes proce come for the other. tae total combened cost 
of uewe term: woekd fhe §2 (68 belhom of whach 984) mualbon 
woukd te roguered for the top-prmonty sem ant) The peumary 
rome Caed for these top-pmont rscarch antngments was % 
upgrade ut capeteltes oc & perform cupenments that the 
umet  Cammet do mes The stare fron departments that reported 
weaker paste  cral!l onstrumentaton i. an ostumated Cost of $9 44 
mulison for thew top Ovex pnont gems of show 65 percent of 
the S$) 438 Delon cotemated cow t “Tin tice arts overall m- 
@rumentahon nocd * 


Academic Doctoral 
Scientists and Engineers 


Thhes sectean ciamencs mapor trends over the 1973-9 tome 
period regarding the compostion of the academn S&L 
workforce its promary actr ses (teaching v1-a-v0s research) 
ard the extent of its eapport by the Federal Canerament For 
a descusson of the mature of the deta esed here. we “Date 
Searces Nature Proféerms and ( omparsivlity 
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The Academic Doctora! S&E Workforce — 


The total nummer of sceentests and engineers im the 5 
labor force with doctoral degrees from | So unrversetees has 
more than doutted over the past two decades. mung from about 
215,000 m 1973 w 475.200 m 1995. the academa compo- 
nent mcreased from an estemated | 18,000 t 217 S00 “ (See 
text table S-5 ) The rate of academa employment growth. 
though robus) over much of the period was lower than growth 
m other sectors The growth rate for academax employment 
dropped from nearty 7 percent annually m the certy 1970s to 
just under | percent from |985 onward. comsoquently. the 
axadema cmplowment share declined from an estimated $<‘ 
percent im 197) to 4¢ percent m the 1990) 

While the total! number of academnx doctoral screntrsts 
and engineers continued to mec from 206.700 im 1989 wo 
217 S00 m 1995. the number of mcumbents holding full- 
tume faculty posstoms full. assoceste. and asssstant profes- 
sors plus instructors remamed roughly sabic at between 
169.800 and 173.100 (See figure $-10.) Consequently. the 
share of fuli-tome faculty among all academe doctoral sc 
entests and engmeers declined to an ali-tume low of 79 per- 
cent The drop continued a downtrend ev dent sence the cart 
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Data Sources: Nature, Problems, and Comparability 


The date weed m the schon to desworie the compiler - 
mem. characteretics. and actrvitecs of academe doctoral 
“entiets and engumecis Gere muaanty from the Survey of 
Laxtorate Reopecnts (SDR) and om part from the Natrona 
Sma? of Posteccoodtars faculty (NSOPE) 

SOR «a samp carve) combucted Deennaslly uence 1975 
umber the spomsorvap of the Natomal Scucmoe bowndistion 
atai several other federal apemcess The surwey aderwen 
several ¢ = 199) and agam from | 995 forward, those 
affect the Comparatelt) of dats from, thew year with those 
of carer perods Through | 999 the sampte mchaded three 
chap Tewpordcnt segments (|) recepecnts of SAE doctor. 
ates from LS exstitutom. (2) 2 emall number of doctorate- 
headers on otter fiekds who were workung on SAE mn the survey 
wear and ( })2 small member of poopie with SAP doctocstcs 
trom mom-l S pestetisom 

Starvteng woth the 199! sampic. only recopents of SAE 
doctorates from LS) unneretees ere rotamed and per- 
sons ower 7S wears old were ruled out of cope Further. 
wampiing Mrata and sampic wise were reduced im an effort 
LO UPTON ¢ PeSporsc rates « ithen Dadkget comstrasmts (Miner 
Ranges op data collection alo were introduced most no- 
tas the use of Computer -anested telephone iter, cw ing. 
whoch resulted em mach hogher rewponsc rates than had heen 
attamed prev woushy A }| month mecrval clapsed between 
the | 988 and 199) surveys instead of the usual )4 months 


Figure 5-10 
Acadermuc doctora! scsentats and engemneers 
by type of poston 
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the mterval heteeen the 199! and 199) survews was 10 
montis 

Micthoabotogaca! stuaecs to assess the full enact of these 
changes on eral! estimates and wads dua! data tem re. 
main to te Comducted Prelumenary im estigaboms wggew 
that SDR data permet analyses of rough trends. provided 
comparsons arc humited to recoprerts of SAE doctorates 
trom |S unstetuteons Thes has been dome herem. « ith data 
structured in accordance «ith suggestions offered by the 
Natrona! Research ( ounct!'s Office of Screntfic and En- 
gineering Personne!. whech has conducted al! of these sur- 
veys through 1995 Nevertheless. m the text and tables 
presented here apparently mteresting Dut wal! eatestxa! 
differences should be treated with Caution 

\SOPF © a sample survey that was conducted by the 
LS Department of Education m 198% aad 1993 The two 
NSOPT survey frames are not comparatic Those with no 
teaching dutees m the fail semester of 1988 were comsd- 
cred out of cope. whale the comparsiétc group was ux haded 
m the |W icvele internally comsetent subsets can be con- 
tracted and compared across the two survey years. how - 
ever Because the NSOP? estimates of doctoral scsemtests 
and engmecr agree quite well with those dered from 
SDR. and snce NSOPt contams mformation on teaching 
acts itees that = umavasistte from SDR data trom thes sur. 
vey have been used to supplement SDR information 


97th. when the share had stand at SS percent Poychotogy 

amd the pineal cmironmental and life wiemees cupe;n 
cmed partx ularly wahstant.al shifts toward nontaculty cm 
pen ment with full-tome faculty percentages droppeng 10 
or mete ports Developments im the wactal «remces. math 
ematks amd cngmecrng were «mew hat low pronounced 
(See append tate $.2) | 

The eumber of mmoumbhents om other types of academnx 
amd part-teme adpurct facult.. locturer. te 
vourch and teaching aexxcite adirmmmtrates. postdactor ste 
gree at a more caped rate than the sumer of full-teme faculty 
mercawng from 147m 19°} te 46.200 mm 1995 The 1989 
¥* merease was )S percent. m contrast te the ewwentall flat 
full-teme faculty count Miost of the growth mm the segment 
wa duc to postdectorate and other full-tcme appoentments 
Part-time cmphnwoes accounted for Aetecen | and |} peroem 
of the total throughout (Sec append table 4.25 

I mpi ment grow th was mt uniform across different wg 
mcm, of begher cchacateon ( an eritees Catqpornszed as rewarch 
umn crsitecs on the ( armegec Chassf cation +) stem caperienced 
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viewer growth than other imgtubom = thew doctoral SAE 
stafl mereased \ S46 percent. from 67.600) m 1973 to 9010p 
m 18S Other unnverties and colleges comPened had tM wer 
that rate of morcasc. as thew numbers «em from 60.400 « 

iw 12° 40) mo 1995 $C onsequenti:. the proportion of 
xademea doctoral soentests and enginects emptowed Dy re- 
search unnenitics dropped from 49 tw 4) percent during the 
permed (Sec text table 5-6 | 


Women im the Acaderm Doctora/ 
S&E Workforce 

The numer of aademecaih emplowed women «ith SAE 
doctorate we than fourfold betecen 197) and 1995 
Sie wt 10.708) to an estumated $2400 in com- 
mars ¢ hu Sher of men mercased fy roughly S4 percent 
mrt n 10° 30 ee 165.100 ( omsequentiy, men's 
empiovnn.. sare dropped by |S percentage poms. from 9! 
porcent um 197) w 6 percent m 1945S Women's games were 
eypecuallh promounced m psxc whogy and the hfe and socwl 
screnoes. fickts where ther parhcipation m 1973 had already 
teen the hegheu (See eppendin table $-24 ) 

The recem decline om the fuil-teme faculty component. dis- 
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cussed ahve. was driven Dy an cstemated | 0 percent drop im 
the nummer of male full professor snce 1989 = fram “6 30) 
to 64.500) combined with roughhy stable numbers of maic 
au We professor and pumior faculty (assistant professors 
and instructors) (See figure S-1 | ) But the number of wornen 
TV ing o full professor. assxite professors. and junior 
faculty assestant professer and mstructors mcreased hy 
YO percent of more during thes me By | 99S. women const- 
tuted 2! percent of full-tume SAE faculty The sumber of 
women alo mereased faster than the number of men 4! 
versus | 7 percent snce 1989 «om the other types of academa 
pesstoms full- and part-tume adpunct faculty. lecturer. research 
and toaching awxxuate admenestratnc and postdoctorate (Sec 
appends tabic $-)4 ) 

Throughout the period the ficid distmbutor of women 
remamed more concentrated than that of men Fully 84 per- 
cent of women scsentests and engineers im | 99S were found 
im tree broad ficids life scuences (4!) percent) social «- 
ences (2! percent), and poychology (22 percent) In contrast, 
only “8 percent of men were mm these fickds m 1995 Con- 
versely, only § percent of women, Dut !9 percent of men. were 
m the plea! and em ronmental scrences. and just } per- 
cent of women were in cngiaeening verses | 4 percent of men 
(See append table $-24 ) 

These field distributions in academa employment reflect 
the different field patterns of doctorate degrees carned by 
men and women Over the past two decades, creased hir- 
ing of women into academma has been commensurate « ith 
women s ming proportion of new SAE doctorates Among 
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recent Ph Ds m academe employment,” women have boon 
represented in rough proportion to thew share of newly 
awarded doctorates im every major ficid over the entre 197 }- 
4S penoad However thes praparhan of the dactaral academx 
SAE workforce 24 percent mn 1995 continues to lag thew 
percemtage of new SAL doctorates 38 percent (See teat 
tabic $.7 ) 


Underrepresented Minorities in the Academic 
Doctore/ $&E Workforce 

Avademn omployment of underrepresented minonties 
blacks Hespamcs Natrve Ameoncans and Alaskan Natives“ 
rose to | 2. 800m 1995 from 2.400 m 1973 Thew employment 
share rove from ) percent mm 197) wo 6 percent m 1995, the 
samme as ther share of full-ome faculty possnonms Relative 
gains for underrepresented minonhes were greatest in psy- 
chology and the «acval scoences where thes: omployment 
share rose fram 2 to 8 percent and im engincenng fram 2 
to S percent (See appendix table $.25 ) 

These low Sut mssng numbers reflect the growing number 
of S&E Ph Ds earned ty members of underrepresented 
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muinoriies hor the past two decades underrepresented mo. 
nortes have heen hired into academu postions at cormew hat 
higher rates than would be capected based on thes share of 
new SAE Ph Ds swarded As a comsequence. thew represen. 
tabon on the total academe workforce has heen close to thew 
share of new doctorates (See text table $.7 ) 

Thre dietnikutan of underropreeniod minontes ty fied i 
wrmular to that of whites with two cacoppanm | aderrepresemod 
muncrtes are fess likely than whwtes to he on the life woenoes 
28 versus 4 percent. and they ate murr likely to be in psychol- 
ogy and the saceal sceences 4! versus 3) percent 


Asians in the Academic Doctors! S&E Workforce | 

Auans as a group have been quite successful in emtering 
the academa workforce The number of Assan academic 
doctoral sceentists and engineers rose rapedly betwoen | 975 
and 1995. mereasing from 5.100 to 22.500 m 1995 This 
growth more than doubled the: employment share | () per- 
com in 1995 versus 4 percent m 1973 Assans made cape- 
cially strong gaims in the plrysical scoences (from ‘ percent 
m 1973 to 14 percent m 1995), computer scrences (from |} 


percent in 1985S to 29 percent im 1995)” and engincering 
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\V9l p 29), bat adds “Al wene rescarch anrversstecs a hagh 
propertan of faculty would chaos to remasn crploved past 
age “Of allowed to do we (NRG 1991 p FR) 

Rocem data wdicate, however, ami. for the svete as a 
wheote fetthe has changed om the last decade om torms of retere 
mort heh scr (Soc angers: tahhe S.2° ) Actress all of hagitcr 
ody sateen, show ' percent of full-teme faculty aay on be 
vem age OS As antecenated the NRC eudy. faculty at re 
search umrersrtics tend to hoop working longer than thorn 
cheewhers But tn also worth acammg that research unn ore 
thes havc managed to marmtan a relatnchy more halanmcod age 
tiructurc than ather types of unnerwies and cofleges 
appends tate §- 2° ) The faculty age drstre>utran on rescarch 
unrnveretaes tended to he oldet on average than that of other 
academnx imetituthonm through th carh | 98th but that ton 
dency has ence nvereed My 199% reecarch ann ecrestecs had 
2 greater share of thee fuil-torac faculty mm the unmder-46 age 
brackets than other instrtuisxemn and a sioghth greater sharc 
om the ahowe-44) ames ac well (Soe figure *- 15) 

The mean and median ages of full-teme doctoral faculty 
show a clear upward trend fram |9°' through 1489 woth os 
flatieneng thereafter (Soc figure 5-14 ) Theos roewlt cam mom 
he omterprcted on light of the om crall nummer of faculty. witch 
grew through 1989 and has wrce cuecmtually held cad, 
the range of 169 808) and 173100 Durning the voars of growth 
the average faculty age clhanbed from 42 6 to 4° | wears he 
tore levelong off Thos suggests that for acadcrma as 3 «hic 
nt nooewsanth for mdn sdual mettuhon of departenctts a 
rough halance hes boon mamtamed hetecen aftrrten fromm al! 
cauues and ace betes However the suri: of replacements 
frown | G89 cerward lags to fe soon on the Contest of Ph 2) awards 
whuch rose by more than one-fifth overall fram 1989 tw 199% 
(up fram 22.70% tw 2°.846) and ty ©) percent for LS 
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Figure 5-13 
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cttivens and permanent roendents ( Thes latter growth reflects 
wm part ( hemes students Com creean to Rermancnt \ rsa status 
folios ong the Tiannanmen Square cvonts | in short the mend. 
est imcroawes om hering frown the Late | 98s onward tank place 
agar a backdrop of eeph meng sumber of ace Ph 1) + 
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New Ph 0s im Academs Employment 

The presence on academsx compan ment of poopie rth 
newly carmoad SAE doctorates pro ses 2 loading-culge ind. 
cater of the future Compeuten of the academa teachang and 
rewarch workforce Hecaue of the wnali sunnier of new PRD) 
re aments cntonng aadema cmpio ment relative to the size 
of the cxrsting workforce Changes en the ov crall composition 
of the academmx workforce will accur owt = ht are already 
viele. a noted steve 

The queer of rocemt Ph 1) cmtcring imto acaderma 
det med a there who had carmed ther doctorate om the three 
years preceding the earvey § deciemed gradually from 2S (im) 
im 197) theemgh the carly (980K. ccacheng os how of 20S) bh 
then rowe agaan Grrough the mad. | 80% roacheng 26 GE) mm | 99S 
Thee represent pest over half of all rocemt doctorate-toddere 
(See apgremds table * 28 | Hut the meaneng of academe “om- 
phoyrnent hus changed for these young PRD. fewer chan 46 
peroemt had regular faculty appeeentmcmts mm (99S coemparcd 
wath over “S percent mm the carly 197 and 6° peroeet m the 
mud. 198 (See figure $145.) Semoe 197). the progetto of 
new doactaraic rocqwents hoddemg postdortorste pomsstacer has 
oxreased aeoply, reang fram |} to 28 percent m 148% and 40 
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Figure 5-15. 
Numbe of recent Ph Ds m ecademsc SAE by type 
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perce m 1995 The peenerien of Goctersics mm other 
eowtaculty appoentments has she doubted rang fron & to |” 
percem (See angen tatde 5.4) 

Dc dome omarion of these rocem acadcrma 
hw torate-hodders has shefted momoestty over two decades The 
pooperhen of werner has rrecn fromm |) to 38 perce The 
Mapwhan of umderroyweseniod menaritecs hues grown from > 
t ° percent. awd of Acaeme from ‘ to 2) pevoemt (See teu 
talc $.” and apremdin table $40) The field compeeemae of 
young Ph 1s reflects the larger omplowment changes U4 per. 
oom are m the life acoences (ap fron 28 peroert mm 1973) 14 
percent arc m the Pin wcal sceemoes (after droppeng from | 6 m 
197300 |! percent on (48S) and 4 permet are om mmutieeriatacs 
idown from 9 percent m 1973) Hat the field detribunan of 
voung PRD rocepeems om full-teme faculty powtoms drffers 
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tron thes total craps mcet patie «eth samaiicr faculty shares 
on the ply sal and life «sconces and hagher fractam im psy. 
chebagy and the waceal sconces (Soe appends table 6-29 | 


Research and Teactung Activites: 


inthe aadcrn workplace partacularh om unnoresics «ith 
2 strong foscarch onentaison tcacheng roscanh and rowarch 
raumeng are often unextrc ait) untertwsned in the say aa 
dema roscarch proiwces both acw know todge wad highly 
tramed porewane! Vlow acaderman « sentists and cngimects do 
mt de cotter teaching of rowarch but purwac both actiy tics 
om 2 men that may change wth the tame of your and the courw 
of thes carcom NSoverthetoss. for the past two decades. a tea- 
wong) Comestent omdecates of the rclatne balance hetecen 
teaching and research may he oftaened from responses of 
a adema dex total 6 somtets and ongemecn to 4 qgucetion) show! 
then majget work rowgemssbelstacs The dracussacn here Com. 
mences with an cvamenaien of a snapshot of the dntriiation 
of cowearch and toa hong actrvtcs oc hudeng undergraduate 
and gradaatc toacheng. mm academia. proceeds to trends on re- 
spondents pormer) work respometelety and closes by focus 
omg om tromds mm pewnary and scoomdary respomubitincs 

Whoke net darecth addiresseng the synergy Netecen teach. 
ong and research. 2 survey (NSOPT) conducted hy the |S 
Department of | ducation allows ouamenaton of the pation 
of undergraduate and graduate teachong actr rics of doctoral 
madomn soonteets and ongmocn and the cvtent of then re. 
search act mes on retataam to thes: tcaching dutecs 

( the oxtemnated 2!) 808) deactoral «sontndts and cegmects 
otnphoved mm acadorns snetatutsers om | 98) 8! mercem had wen 
teachang dutecs in the fall somester of that vear S* percen 
taught counes primacth for undergradustes )S perocet iaugh: 
courne peunanh for graduate stadents and | percent taught 
heth graduate and undergraduate Comes (See teu! table 6-8 | 

Those who taught umdergraduate courses cuchmenech on 
average spent an cstemated 66 percent of thee woekh wort 
time on teacheng actrvitees amd 2) percent an research bor 
thowe auth omh graduate toacheng rewromestuletecs. the corte. 
sponding tame estemates were M4 and 14 percent rewpectnch 
and for these teaching beth undergraduate and graduate 
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tudents. the percentages were “) and 2° Thee tome oot 
tuto hance Ont changed greath waoe | ORR” 


Primary Worn Responssaity 
Emphatrs on Research 
SDR rowpendents (soc “Dsta Searoes Nature. Probicm 
uml ( orparetelety | wore asked te sehoct thee prensa work 
coxpemmatelets frown a bet that onchades teacheng. \ ancun RAD 
foxtiw admetetratnce work Comuiteng and offer actin y- 
hes A ctede bet comer@.  endeoater of the relative cmpba- 
ve ot feweareh Can he Comtracted frocn the rewpoenses The 
vhoncoon fescarch actn macs as premany work rosgeemscbelety 
‘Oca! (eo a@eapoe eheft. Fore the reistne helene etecen 
toca feng amd rescarch has etefted ten ard the latctr Socend 
™ the measerc growth of the research fumctien has hoon 
socal promewnmoed cated the ranks of the tradeteonal 
research aa eresters 
The quemiker of these ropewteng tac @eme as thee premary 

work coqpembelty cone fron 7) MEP em 197) to 101.100 mm 
WS* and has Sectasted arcund the (00100) mark sence then 
In cottrawt. the gurmiier of these sdomtefveng crew & as thee 
Coma work rowgeorrsshelt, has moreaend stead rng frown 
7 Be oe 197) bo OR om 1 68S ord BE is 1984 Thee 
dec ctpem tromds hune besored tac peogeattean of those ropewt. 
img toacheng as thee premary eoet from 6) percent wm 197) to 
& percent om 149% aheke the progeertean of thom: roperteng 
research as thew peemary work fas cree from 24 to 38 per. 
cont Dhow «rth other Nes of peumary work roweessiety 
for adrumetratn.« of managerial fumcteorm sor ioe act oars 
ond the he §3=—cometttated hetecen 14 and 1% percem of the 
tetal ower the pereead (Soe apnemdnn tate S$. 5) | 
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t maptes mom grows th on research umn cretecs sance tic late 
190s has hoon Largely Coel mmod te those adentefy ong research 
as thew proemary actrety Thee sumber aoed a 17.500 im 
197) ged 45 900 on 1995 as thew share row fram Ww $! 
petocent of research annonces deaxtoral SAL workforce In 
comtras, the eumiker of roscarch uanonety faculty for whom 
tcacheng was the pewmary actr ity rose frown 1) MID in 1973 
to a hugh of 39.0000 mm 198) befowe doclenng to 4.500 m 
199% The summer sdentifveng other functions as thew prn- 
mary work roxgeemesbelety has romarned at around | > 0D to 
15.00 wnce the carly 198K be other types of anrvereties 
and Colleges 2 gros ing mumiber of faculty sdentified teach. 
ong as thew promary work actnety fer much of the two de- 
cades. ence 1989 thes gemmber has Muctusted betecen 
roughly) 67.00) and “0.00 fut those for whom reearch 
was the premary work reepemetelty mcteascd more rapedis 
amd comtimmcenty As thew qumbers grew from 10490 m 1973 
te 37 16 om 1995S. thew shuge rooe from 17 to 29 percent 
(See apprendre tattle $35) 

Hersdes these omstetutponal differences there have heen 
fred differences as well (Sec tout tabde 4-9 ) Employment 
growth fram 197) to 199% has cxcocded “0 percent m mow 
fekds  cxcept mathernatecs (4!) percent) and notshthy the 
fi wcal weemoes (17 peroent) Crowth mm tow tomy (as char- 
axtenred here) was shower than on crali comple ment groe th 
micvery frchd bat the commuter «semces. the plyecal «+- 
ences h the meawure actually cupcnecnced nogatnc grow th 
(im the other hand the sunier of respondents who desg- 
nated reewerc® a6 then primary work responsibility 


1 cmmpenct «some dts sore mot feedon cat teteer 16" The acres carts 
fre got) bam Rem amd sete a triste ch emai eae of nowgreediens 
Dhan Gr Fe CRRAEC GA Tees oF COC = nom toectumg \ cram trent 
pre tee ecm ed ot Be cme and ac New emetpered cath © the 
re wid 


ace 4 iogreerry Mocatos= ‘oe 


Text tatee 5-¢ 


waponedakty by 


57 


8 ele aeassaatasaeaaaareaeaae raat aes 


+ mo 


Percertage Change © teoulty Gor '67) eb 


‘om = oOremary = orevary = oreery 
Jote! Scar € okt engeneersg Ld WY “i 
oerces bee w 75 
yee Koes 7 -12 i] ™ 
bo PORN enhe GOnOes 2 * 213 “ 
Vere ate 5 4 Pe) tad ‘yr 
Oe SoC we LS 22" Ps Dd 
Lt sommes ” a ‘6s 13 
Pe pcronogy Ld “ag 237 ‘oe 
Soom scaroes 2 EN) 235 a 
bogreering " al 3M “6 


eG Ie CCE) 6 RS Dy SOM S Reng fore BT) hemage BP ater GEE omener) more empeiK, @ Get Oy 
Ser of BOTT COMMS Tug Pe Ost crt tre 


Ge Oe Sage cee Thee Ge? ae Deed OF @ ear) Goel Ue O° Gage comters © OR" 
~ ) Naor Soence fouetater koeroe Aeeecoee Ges Oso bucey of Goctorme Aeon: Ueened lebvethors 


od = cagemcerimg and more than tnpled m wveral 
foots fm taatheovtaatocs ated te Pineal wooo. 


Partecapation in Research 
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store! «somtets amd ongemecrs wcrc engaged m RAD om 
7". up trom as range of St) (0) te OD during the 19° * 
~ gure 8) ) The eerie of academax rescarchers has 
ally) hoon stelle sence the late 198. after strong 
é Th om the preceding Gowade and a holt (See appendn 
ae * 
Ri nagh | percocet ef all aadevnn doctors! weeomteets 
amd ongemects foperteng premary and ecoomdarn sort re 
Th are suet tow to geetadowt.: «te tamed teeren + teow 
te oder wmy oor) SoetereaMmeieta. Vane te 
ey el 7 ~- i. ee ee e™% f\¢ od wee? teem, «6 ey a ¢ 
Gate rms wesed twee ? A 
~“ komm oder cmt tor teow pee AL cotemer ar . ok ele 
Seer tas whee @ > em aie > elad tower: 2 fe Ge 
Nt oeage® ow? rene %;, torte hot e coerce tee congener ot. had 
mg gia@uah row ar * 2 gee. wee doomed ter | 08) feeee NO Tbe, 


o* was agg i <~ 


he Oe 


hott? « wm < 


ad my 


erecta aEeers cm | 
~O hwy 


erg te wor 
+ ole oer gies - tr ward: & ated 
oh! watheee |) * Rereeet) aed ong 


wwe *cwe.? @ weet 
oe) gee oO 


ee wr oer 


Somme 6 fogrerrs rece ane 


ee a) 

—_—.—CS _ 

os as facts 

ota ae 
“* 
Aa -eune > wagere tee, 

i) 

< 


9- 
‘or? wr ow —_=_— hh (. = ws 


ee ee ee oe ee oe 
ee ee. ee Me ed 
ee OF 6 ORDO RETe? Sere sete Bho! Mer me, ore 
more °° Sone ewe 


So aoe woes PW foes fiogreery eocem 6 O 


sponsiPalitees om | 99S were engaged in research actr: tees 
but thes carved hy ficid Atthe nghend SOpercemt were 
the cm wommental sconces. the hfe and computer rences 
and engmmecring ranged from ~‘ to “4 percent Those mm the 
Pin secal wcremoes. mathematecs. psychology. and the sous! 
“remocs reported the lowes levels of research actn ty. rang- 
img fron 6) to “O percent 
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These fecid differemecs m the levcis of research inten. 
vty have boon fash Comustent om cr tame. and the field com. 
Powtion of mademn rescarchers has generally not chifted 
drarsatnaily Hut the relatrve cmployment sult noted car- 
lev eas from the piryencal «sences and toward the infc 
woeRoes  evedent on the research workforce as well The 
pir seca! scoemenc share has declined % © percentage Poets 
sconce 197). amd that of the lefe scvences has wncreased by } 
Percentage Prents «oth margemal gaems of krwees for the other 
fretds (See appends: table 6-32 | 


Federal Support of Academic Researchers 
in |9¥5 39 percent of the academe Goctoral wecmteets 
and engineers respomding to SDE reported recen mg fund- 
ung fromm the tederal (x crmmem dunng the week of Apri 
© (See wet table 6.10 ) These mamieer cannot be cassly com- 
narod «ith those from carher voars ehuch were hasod on a 
year-long referemc pemog 49 percent im | 989 SO percent 
2 19) bet o m@ lene woth SDR cotemates for other refer- 
cme Perods shorter than a full year |? percent cach m | 98S 
amd 199) If the volume of academe research actrity 1 not 
sm toms over the entere academa yeat bul vanes to socom. 
madate teacheng and other activ itoes. 2 one-week of one- 
month referomc pero may wcll understate the cutent of 
“Epport over an entere academax vear Several pscoes of evi- 
dence suggest thes to be the case “ 
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just ower half 1S! percent) of the doctoral scventests and 
engimecrs surveyed im the | 99) NSOPE reported having bed- 
etal (sox crmment fumdanmg in the fall semester of that year 
Thesis om home «oth carteer SDR estumaiecs based on vear-long 
reference porads The NOPE cstemate. when taken together 
auth information regarding growth on federal funding. sug- 
goets that mo major Changes have occurred sance the late | GBD 
an the nummer of praoparbos of researcher supported «ith 
tederal funds Thes temtatnc comciuwon 1 further bolstered 
ty the stead) growth om the mumber of federally funded re- 
search assistants through the | 980s and | WO) 

Notaibte and pervastent field differences cau im the pro- 
portion of researchers supported by federal funds “ Above 
the ceerall SAE average arc the life, em wonmental. and 
Pirysecal scoomces and engineering Cicarty below the mean 
arc mathematics. psychology. and the social scvemces The 
relative Posston of these fickds has mot changed sel>stantially 
ower the past two decades (Soe tout table $-10) 

Sence the late 1980s. a larger fraction of academa re- 
searchers has reported feders! support from more than onc 
agency Thes trend can be oterved acrom most SAE fields 
(See appends: tablc $. 33) Freids with the highest bevels of 
researchers recervimg mulh-agency support are the em:- 
ronmental xsences «more than 40 percent and enginecr- 
img and the computer and physical xrences «well above 
0 percent for cach Sungic-agency support is most prom:- 
nent om the fe amd socsal scoences. prychology. and math- 
emsatxs However no clear upward trend in mult-agency 
support os evident semce the late | 9ROs 
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The wmterpretation of these data ambiguous They 
could for example. indicate greater difficulty im ottaim.- 
ing fundemg the growing avasladelity of multupic funding 
sOUrCeS Of IME TeasINg EHtreprencurism by im estigators in 
socking out funding 


integration of Research 
With Graduate Education 


Soeme and cngmecting graduate students havc a fasrty 
wmque role as both an mapwt to and an catpet of the LS 
aadcrma research system US rescarch unrversitecs have 
trabtemallys coupled advanced educataon with research. both 
generating nce iknow ledge amd producing advanced wien. 
bin and engsnecring talent Thes integration of research and 
advanced trammeng in SAE is encowraged because the ty stem 
has served the country well LS research uneveremtcs at- 
tract graduate students from across the aston and around 
the workd L pon rccespt of thew advanced degrees. these stu- 
dents set owt to work om many sectors of the LS ecomomy, 
wwing the skslls and know ledge they have acquired to mect a 
hroad range of challenges 

It es deffecult to determune the exact sumber of SAE gradu 
atc students who are partcspateng derecth om the research 
process at thee umeversstes un a given year Ot ously. those 
students who are supported prumanh through research as 
wistantsheps arc parbcupatong om rescarch Mam of the stu. 
dent, who are supported with other modes of support such 
as trammoewhaps and fellow sheps arc also lskety to be derectiy 
motved mm research actr ies af thee mseututrom And even 
students «to are sclf-supperted of arc on teaching assestant. 
stups man te omolved in research. at beast part of the tome 
Any student who nm working on 2 doctoral desertanon ms cr. 
pected to be Goung research im mam cases. how working 
o@ master + theses arc also cupected to be downg research 

Thee wxtson Cuamene the catocs and mocha of a> 
port foe fullteme Ski gradvaar students Sence Gee ane: of 
students aaprortod ty a rowcarch awatantvhep © an vor n prob 
att\ a lower Pound for the mamnier of SAI graduate adores 
paroqateg m rewarch actrees at lS amveretars gece! 
crpfaases ss green > the rode of the rewearch seuntantdup for a 
more <iepeh troatmens of gradaste edhe we chaperr - 


Support of S&E Graduste Students 


Trends » Support 

In 1995. for the fret me @ almost treo decades. enroll- 
ment of fwll-teme SAE graduate students declined singhth 
A |)-vear trend of aeady mereases @ cnroliment of full- 
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ttme graduate students wtionc promany sontc< of support was 
the bederal Crawermment ale cmded as dad an cven longer 
upe ard trend im the numic: of graduate wudients whose pr. 
mary source of support was from nonfederal sources The 
nummikct of sclf-supported graduate studemts that 1. those 
whose Larges! sowtec of support comes from loans of from 
perwonal of farmeh finan! contnbuboms «ahve declined for 
the forest tame sence 1 9ER (Soe appends tabbe S- 34 ) ht is too 
cath tw tell whether the 1495 crroliment dex lime os the be- 
gineung of a tread of samplh a one-teme drop Prelummary 
evedence indacates. however. that the m mot 2 ome-tume phe- 
nomenon, bet rather part of a longer decleme for cxampic. 
forst-tome cnroliments of full-trme SAL graduate students 
dechened wm both 1994 amd 1994S and peclemenary cotemates 
fron the | 986 (wraduste Student Survey indxcate that oweral! 
full-cme cnroliment dropped again in | WS 

Semce 1980. there have boon sagnifscant shafts om the rela- 
tre uxage of different types of primary support mechan 
(See figure $-17 ) These shufts have been duc more to raped 
grore th im wen support mec henawns than to an atrotute de- 
clume on the owmber of students supported by am of these 
mechanses in the past scveral years. concern has been 
vosced am a number of places shout the valuc of different 
modes of support for SAL graduate students and whether 
the bederal Gaoxermment and other prow aders of francesa as- 
sestamee should Comsader shifting the mix of them support 
(COSEPUP 1995 and NSF 196d) For o summary of these 
descusmons. we “(Concern About forms of Support for SAE 
(rraduste Students 

The progaocton of graduate tudents with research assis: 
Lantshapy as thea promary saqqport mex ham increased fro 
22 tw 27 percent berecen 1990 and 1995 Thee mcrease was 
offset by a drop im the proporboms of students supported by 
trameocehap (from ~ to * percent) of by teacheng axsestant- 
stups (from 23 to 2) percent) Mow of these changes had 
occurred by the late | 981). wath proportonal shares being 
relatively stable durmg the first half of the 1990s 

These overall shifts om support mechan: hetecen | 98) 
and 199% cocurted for both snidents supported prumanty t 
federal sources ard for those sagported fh monfoderal source: 
(thes cuchades students whos pomary source of support |. 
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Petters of Support by institution Type 


Figure 5-17 The proportion of full-time S&t graduate vtudents «ith 

Support tor Na-Gme SAE graduate students pemary support from vanows sures aad mochanims di! 

ters tow prevate amd pula unnverstics (Soc appemdia tabdic 

rooms $36) 4 Langer proporton of full-tume graduate students re- 

=r 7 hes pemanh on self-support in pen ate academa institutions 

° as opposed to those in publx instetutoms «= 4 versus M) per. 
oom wm 199s 

= Nontederal sowrces are the prema) source of support for 

Cone a Langer proporboe of students un puta onsttuboms (SO per 

ai eid cent) than in prryvate ones 14) percent) bor both pen atc and 

pula insitutaom. stout 10 percem of students recenc ther 

a powmar) support from the bederal Ca» crement 

A larger peoporhon of students attending pula ac ademn 

a tense imstatutions relees on research asssstantshaps and toacheng a> 

eee aOR on ; sastanteheps as thes prmar\ support mey tans (| 4) percent 

ao AND emaarenres 2} percent. respectively | than thowe attending pri ate i. 


stitutions (2!) percent and |} percent. reapectively) The o 

balanced by greater reliance on felbow shups aad camcesinps 

wm Perv ate wmstetutvoms (| 4 percent and § Percent. respectrneh | 

than in publa ones (” percent and 4 percent. respective, | 

The foders! Government plays 2 larger role as the prn- 

mary source of support for wenc mocianerns than for oth- 

aay ers (See figure 5-18.) A mayorty of trameocsheps m both 

“ya oe private and publw mettutwoes (S$) percent and 7) percent. 

°. Cp es ....-- respectively) os fmanced prmanh by the bedera! Cavern. 

premarin ——- ment. as are 0 percent of the research assertantshaps: m pr. 

: vate omtitutvom and 4° percent im putin mmstituboms The 

ol tedera! Government provides the prowmary sapport for bow 

—_—_— — — “= se oe than 4) percent of fellowshups and lew than 2 percent of 

Ne TE SAE wre Pe ee em mecce scares end camer ots teaching cosstanmihips i Seth pubths end genete enetitutiens 

——— 
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sell support) Among students whose promary source of sup 
port was the Federal (aw,ernment 


@ the proportion of those whose prmary mechanmm of 
sepport was a research assestantehep mcreased from 6‘ to 
percent 


@ the proportion whose primary mechanism was a 
trameeshep decreased from )S to |‘ percent. and 


@ those «eth fellow shops as thew promary support meche- 
nrem fhuctuated tetween § and |) percent of the total ower 
thes period 


The Federal Camermment has an almost aegigibte roke om 


wepporting tea Meng aserstantshops 
Among students whose premary source was nonfeders! 


@ research axsestanteheps row from 20 to 29 percent 

@ tcacheng avsestanteheps fell from 48 to 4) percent. 

@ felhow shops fluctuated betecen |} and | 4 percent. and 
@ tramecstaps ranged between | and 4 percent of the total 
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Concern About Forms of Support for S&E Graduste Students 


\ithough there 1) pemeral agreement that wade. mm 
SAE decupiheees who often PhDs fom US roecarch- 
ocpetted umn ctwtees atc atmo the best prepared and mont 
sam COesful « semtests amd cngmocn om the workd some fe. 
lacy c UNat the ohalhemges of odux atemg sc ncmtrets smatiocms 
ix tame. amd ongemeer for the im century mamdate a ace 
peranigr on gradkastc tramng They contend that doctoral 
frograms cowkd hetter prepare stuchemts for careers owtsadbc 
ot academe of basa rescarch by cmwsrng Gast acy are ver- 
wateke rather then aarroeh eeeceshzod amd Ghat tery are 
oquapped with skills wach as imterperwons! comenunecs- 
hoe and the atebty to work well = soem that well cn- 
harm thee atelrty to saccoed m the real eortd 

The (cemmettee on Sconce. Enguncerng. and Publ 
Pods of Ge Nateomal Academy of Scoemocs © 4 foport re- 
house! | OVS Re teapeme the (rrentenate Ldemecwteom of Soa 
cont: amd baguecer) focuses on Ph Ds and deecweers thee 
Margery coates tot grahaste chwcaton aeud the conpdoy nacre 
“romeds amd promgects for the cmphoyenernt of graduate ecacn- 
teats and cngmacen Clee of fac noport + ager focommmncendis- 
toms os lo hoster verwatht) goseramcnt and otieer agents 
7 Temas assostamc for gradkaste stuadiomts sow? adipose 
chow wapport mcctamewms to mchade mew ochkacstaom tras 
ome gTants © ewntutom and departments The authors foci 
vat fowcar ® axuntanthep aitheagh thes offer edhucatsonel 
heme det om the form of reecarch shall frac doctoral pro 
gramme on the seeds of rewcarch peopects catiker Gan on the 
rrounic’ cha staowal moods of the students 

be ume 199% the Mathomance! ad Pleywcal Scormoes 
ihrectorate (MPS) of the Nanonal Scoemee Foundation 
anmed and tested 2 Conteremce on education smd crmpéor - 
Rot! patterts of graduates the athemetecal and pir w 
Le Seem ( onieremce partacgnants craborved thee fodkoes ung 
rovoenmmeradateom |) mectnewms weoukd fe foumd to em 
courage 2 Mroademeng of the tresneng and edhacataon caper. 
omer of MPS graduate uadents. (2) mechan showkd be 
cvamened for dortenung the average Game to PRD degree 
om MEPS feeds, (3) tho eee of off-carnpem cuperence. wach 
5) tahawtrna! mecrnatap, dhowhd be ocreewd and 14) cf 
foe. deowh! "e rrumdic to decresse gradually the progortror 
of gratuite udents funded a rewcarch assetants and & 
watce« gradually the proporhon femded by offer mache 
cox mt hadimg traumecvhe amd fetioe shag as wet! as 
memel coflectrwe modes of aqyport (NSF 1 9Ftd) 

The Natoma! Scaemce Board Task Force om Ciradaate 
t dxator ea extabiehed im bum | 99S w cua the 
merits amd ome of the several mendes of fuming support 
(Cg fexcarch averstantuhem fellow chaps trameesheps) 
used te NSE to support graduste amd postdoctera! adace 
bom and the emypact of the vance meoakes of support on 
the cxpenence amd preparapen of those supported The 
emcees Com huded that wifficuent data lenkomg both tie 
oateomal data amd NS? support dts dad mot cunt to make 


recommendatiom for mag revessoms mm the man of NS? 
fumdeng Thee report (NSB 1996) «dcirwered m betruary 
1 dak however. cmdoree (|) lemnted shaders on alter. 
aatrve monte. of graduate waporct with defied poals and 
acumen cr¢ema. amd ()) data codlectaon and oF research 
on fumdeng mechanewns amd aro. aypects of gradkaste 
student coche athun amd CIpeers mc 

As part of the call for changers m the manner om athech 
SAE graduate students are supported the merits of van. 
ows support mechan have been dew used and a mum 
ber of hypotheses developed about the advantage: amd 
duedvantages of hffcreat mectkencwms fn fact wane of 
the characterntics of a specif mcctamesen that are cited 
a) dread antages by sommc oneirs sdeasis are cited as advan 
tages by others For mstemce. the portadeity of fellow- 
sep and the independemee tikey give to graduate students 
are econ by wore as 2 destemct advantage because they 
pron whe these vtudients eith 2 jot of freedom to purse 3 
wake varncty of mterevis Others arguc that students «ith 
tethowe she arc more hhet, than thos heeng supported 
by trammecesteps of revcarch axsostantehgnm ty hecorme me 
lated from thew peers and from the faculty m thew de 
partments and thes o-ay crtiher the bows lehety to Commpéete 
thew Ph.D of to take longer to do s Some anguc that 
aithhough hav ing a fellow shep at the toginmng of a grade 
ate Caroct may be detrumental having ome when sorting 
on a dewsettatooe 1 heghhy advantageous 

Sevekarh sone aq Cat wr roca ameter arc 
chrocted & tr moe. of faewhed seunerch prosects doxtore wo 
dorm can become «@) erotved om 2 qnecrfx propect Gat they 
anc hatte tame few eadqpemadicn cuphematacn oe cthey chkauteral 
tite Gas retry Ge aem © etach fie agar caper 
ome 4 GEmaerapener ~ tut the auth al cepenoar a 
dents acquere by focwang om « qpecefx: research propect ar 
wabgermutic 8) te haghpant, ate teat roca th howy 
vormdacted at S wavenenes aul exdustral hore Som 
apa Cat erry ohare or rewcarch aeamantdege car hen 
rexcarch aad greene Tarany werd Gewe arom tat hac boy 
tack rooords rather Gn to eee aad cucu areas ann) Oust ary 
ae TU PROT hoperume tacuih freer attra ty grease a) 
deve, Otter anpa Gut tm tee eadewpromd sastatebty of re 
search grant Gut prowades woumg ficult) = ath te cenorkant, 
&) work Chart) wah gracdkamte aeaderss 

( nformanutety. «6 curemetys dfficult to cusnenc may 
of these typotheses anatytecally exter Deca of thee ab 
sence of data of the mabelty t) Capeure the Pe pothewszed 
eoomcs qaannminet in adkitor man gradksatc students 
doped on mmaltepte wowroes and nerchamewn of sappor 
wetwhe they are graduate «tor amet frequent) on differ. 
oot aaron and mechan of wappert mn drffereot phase 
of grackaate wort The makes @ quate drfficut if aot emp 
tabhe oem cae wo mdennfy a ome-toom retshoenhep 
metwoen 5 ctuabent armed 2 sapert woe” oF mechanewn 
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Support Patterns for All S&4E Graduate Students 
Versus Doctorai Recaprents 

View “KI graduate tudients do met go om to reocene 4 
Ph 0) bos thes asetul t Compare the wappert patterns of thon 
smients whe de car a PhD woth the patterns for al! full 
tome Wk gradksate tuddents to soc if thecy differ sagmst canth 
Twenty) ome percent of the students recon mg PhDs m scr 
cme and engimocrmg m 1995 reported that thew premary 
mathew of sappt dung tecw tome om graduate «ion! 
ae a tovcarch aentantiup Thi me chose to the percentage 
12° percent) of fulltme WAL stadents for whom 2 roscurch 
seoesantving @as topetted as the permary mex faanewt of sap 
port bellow siups and toacheng aseetantehpe were coportcd 
cow frogucetih as a prmary mechan of support by thos 
vtmdonts who carned an SAE PhD (2 percent and 6 percent, 
rewrectiveh ) than for all full-cmme WAKE graduate students (4 
percent and D0 percent. rewpectnety) Trameocsheps however. 
ewctc fepotted more froquemth My those rocenimg an SAE 
PhD (1) percent: than for graduate students mm general «5 
percom) A comederatty) wnalker peroentage of students re- 
conve ae WARE PROD roperted sclf-cappeoet as thew promaary 
moan of wapport (| 8 percent) than ded graduate students mm 
general (}) percent) (See appendix taltbes S36 and $37 | 

Van detal © mcm wages that tuademt. are more heh & 
me foun Peg assestants om the carh apes of graduate «tad whan 
the ate doeng thew commceork than m the later ages wher 
they are workeng on a doctoral deesertamon Therefore. if 
vtundents nooen ung Ph Ds are mows het) te report howe mocha: 
resem that sappertod tern on the hater vous of gradkastc «how 
os Pewnary ot mage ovpdaen the wraall goroemaage reporting teach. 
oy aeeoantfam aso powtary sagyport eeociaaeeen 


Research Ass:stantsiups as a Prunary 
Mechanism of Support 


Graduate RAs by S&E Fieid 

\. odin ated prev enh rowcarch assestantwiep, a. oun 
tee 1” peroeet of all sappedt mechansewms mm 1995S However. 
the @i of appett mechanesm: and thus the rode of RAs as 
the pommar) seppert mechancem differs ty SAE field (Sec 
append taille S.)° ) RAs compere more than SO percent of 
the Peumaan\ sapgrort mc enews foe graduate stuahemts mm as 


(TORO), ION pRETA waco aocenagrapiy agncvltura! 
“samo ohemeacal cngmeciing. and matenah cngmecring 
They account for few than 20 percent om the ecesl qcocnces. 
rrastihcratn Samad prey Perko 


Remit er 9 Bate wesc: ated ma Ratewte of fem ae wee” 
< Sl preteen Oder Ox ate Serie of b armod Iker: Wee 
dees = tee tae new COO ed Bare PRD). gee eelkand te cewgeened te Qe carey 
er) ener pbk Gare to ade) GQaew prema aed ecm qarce 
peer Quareg grates «tee oo eel ot otek of) otter emerge Soe 
eth eager eae coed Vatigtes cadre ot Ga gamle of Re Gas 
Acad err coweendirer © @es. aac fee Cat Oe aber or 
ey Carte of eae on ore tty age Ge ce eee Te oe ge 
ee i a ee 
tm RE Py Oe he es Gites ote oe geem mdhamy Be Seemed Quer ar gee 
oy Meee foe Ghee Oc em Be onRare Nrteor x gradu: wuabirer war 
ated Ow Ge towme car 6 .onfeeed we oe fae of capgen cet 
Se = ager madree. 
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The overall auminer of graduate students with an RA as 
thew pemar) meochamesm of suppert mcrcascd every your 
betecen (98S and 194 before dechmung shghth m 14s 
(See appends tabbe S38) Most SAE feckes cuhiteted same 
lur trends. although mot al) showed a declne m 1995 In pow 
about every SRE footed the percentage of graduate students 
with an RA as thew primary moans of support was fegher m 
19S than mm 198S The lenges! mercants were m the atmo 
when wrcmces (1) peroent) chectrcal clectrona cngmect- 
ug (12 percent). corel emgencermg (10 percent). competer 
“aeRO. cath wecmocs frologna!l wecmocs and mdevtinal 
cngmeenng (al! 9 percent) (See fygure 5-19 ) 


The retatne utrlezateon of an RA as a pemary mechsnewn 
of sappert was alse faerty cometent at a broad deciplmary 
level between the PhD and graduate student surveys (Soc 
togure 6.20) Rescurch assrtantvhes weve omc again quite 
Promunent in the pir secal wocmocs. om wonmental Kacmes. 
and cnginecning. amd were of mach bow prommence in math. 
omatics. the saces! scecmoes. and peychotagy. confamung the 
catteet rovalts 
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Sources of Support 

In [OVS shout ome-therd of graduate research assrstants 
were om the life seemoes. wrth an ackdeteona!l 4) percent m 
engineering: ara |) percent m the pirvsscal weences The 
bevicra! (sw ernment was the permary source of suppost for 
about ball of al! graduate students with an RA as thew pr 
mar) mechannen of sappert (See apgeemedis tadbe $. 19 ) The 
bedera! (nn crament was the p.omary source of support for 
wagnitientiy more than hall of the research ausestants mm 
the pivescal wremoes (7S percent) the cmvironmental «) 
cmos (6) percent). and the comp det screenees (6) percent) 
and tor comsderaity few than fall m the waxceal cocnces 
(20 percent) and paychotagy . 3) percent) The proportion 
of graduate research assistants for whom the bederal Can 
crament was the prewar) sxurce of support deciimed from 
SS percent in 19°S to ahout SO percent m 1985. where « 
teas remained pretty muah through | 94S Semslar trends held 
tor the cm rroemental wecmces. peychotogy. «xual wrens 
medeca! creme. and engrmecting The physnal cwnce: 
were more varnadic. chemestry and piysecs had declming 
federal shares im both [0-wear perrods. bul astronom 
showed little change m the foret decade and a comuderabic 
deciyme mm the cecomd The federal share of research asem- 
tants om the computer sceemces declemed from 6! to 49 per 


$s 38 


cent between [47S and | 986 and then proceeded to mereasc 
omer agaen to 6) percent by 1995 (Sec append table $-40 
amd togere 5-21) 


Federal Agency Support 

fromm thee carly 197th to the late 198th. NSE was the 
federal agemecy that was the promary source for the largest 
number of graduate RAs bt was surpassed by HHS (as a 
whole) om 1988 and by NEP m 199) Beteoen 197) and 
19S the percentage of federal graduate RAs financed 
pomartiy Oy NSE declhmed from one-third to lew than onc. 
quarter: whole the percentage financed prmanh by NIM 
mrcascd from onc-ssuth to one-quarter The DOD share 
has fuctuated between 10 and |6 percent over the pened 
(See appemedex tadlc 5-4) ) 

bust as texbera! agemorcs crphausze different SAE frcieds in 
ther fumiomg of academe research. they sho emphasize 
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‘ th “wappeert of grachatic roscarch avers 
pot HES aed cepecealiy NIP Commoentrate eapgeott mm the blk 
“nes (S$ ol > perocet. rospectrvety: as dacs | SDA 
ts seppart m cngeeecnng 
‘S oeroent) NSP. om thee otfeer Puameel Peas « core Geveresl acd 


eet pattern with ome-therd im cngmerrng. 4) percent u 


mercemt) LMM) Commoentrates 
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\ttheag? 2m apc’ 
cwwrch aseesfants m omc feckl « cu mM corer 

; mmortant conmiribeter to that tictd omecrall 

btn Uis totes 2 eeteel) ager) mm teri of ts saps for 
raduak coxcurch aseestants (Sec fagure 5 23 amd appendn 
phic S45 | NSE os thee load sapperteng agency m mathemat 
tf texboralls sapgerrted RAs: tie cm rronmen 
) weer: (4) percent). the piwsecal cecmoes ( )7 percent) 
yal cogrmectring (29 percent) NIM es the load sapport agency 
“ies (OS PeTOeT) Peychotogy (\4 percent) 

ad wm whos «| LAUD) »s the load support agency 
hh COMnPeieT Mecho. (4) percent) and «of those agen 
m ldo mn &2TORUUIA 2) avinotuta 2) ch 

aT ity ‘ mercent: clhoctracal clectroma Chg Mert ing 14) 
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The Spreadmy institutionai Base 

Betecen 1979 and 19S. there was 2 slight merce m the 
nurmiver of unnvenuties and colleges reporting at boast onc RA 
2 Prwmary mechan of support for ther SALE graduate 
students ( 38S to 415) wath the numer roacheng ots haghest 
lewet (435) om 198) Not surpreungly). however. there was bo 
sally me change m tie sumber of rowarch unnerwiees of 
duc torate -granting imstitutions reporting the presence of 
gradwate RAs during thes perend. the aumber Tectuated be 
trecen 219% and 224 Semce these mmtituton had profheity horn 
rocen mg rewarch funds over the entire permed «om btkel 
that they were supportomg graduate students with rewcarch 
aveestamtehep Thus mest of the fuctuation and the entire 
metros om the numer of imtituom reporting graduate RAs 
ocurred among compechennc inheral arts two veer Com 
mumt\) june amd techne al and professonal and offer ene 
culered echooks (Soe tout tate S-!! ) 

The hata sugges that most of the mctrea om the summit 
of mystetutroms reporteng RAs as a mechanen of support for 
thew SE graduate students » duc to meroreng support from 
nontedters! sources probed from the castrtuteoes them 
scives «= eather than from the boederal (as crament 

im adkisteon throughout thes pero Comsderamy fewer m 
titutsors reported students with RAs financed promanh hy 
the Federal (ancrmment than eth assistantsiam f manced 
peemarth from nonfedersl wurces The difference » par 
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tKularh) promownocd among the other” ( arnegec mstitutvons. | The putNeshed outputs of natural xocme and enguncenng 


#8 of whch report RAs supported by the Federal Govern. 
ment on | 98S compared to 18S that report RAs finan! by 
nontederal sowroes Why so mans fewer other instituhons 
report the Federal (as ermment as a prumary source of funds 
for research assestantehep than recene RAD funds from the 
Fevers! (nm crament » uncles: 


Outputs of Scientific and 
Engineering Research 


The prowkucts of academa research a soted chewhere m 
thes chapter om luke trasned perwomnei and advances m inom | 
edge The former have been dmcussed om chapter | of the vol- 
ure amd on the preceding secboms of the chapter The sectran 
deals with mabcators of advances m knowledge «specifically 


research om a set of refereed pourncls. drecussed im terms of 


@ the owtpet volume of research =o) Country and fic 
and, om the case of the | meted States. fy sector using 
article Cownts as the indacator 


@ patteras of research collaboration across Sats 
amd for the | ated Mates. sectoral boundancs wsng 
mult) -author artcbes as the umdac ator 


@ the wre of revearch outputs in sebveqernt scoertifix 


and caginecring research agar micrmatom ow 
Mictectoral weng citation Counts as the onda 6 « 


@ the potential practical etility of these research owt- 
pets as indkated by citations to these artcies on | 5 


patents 
2 Patents sewed to lS unverwtes and colleges 1c. te 


number and types of patents imstituthoss with patent 
weards amd revenuc generated & patents and licenses 
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Articte Outputs 

Ths discussion of article outputs places the | nited States 
mn the context of other countnes contrbyting to the world 
sient iterasture and cxamunes that lnecrature ty ficid ~ 
bora descrphan of the data used on this analyser and its lim. 
tahoms. woe “Data Sources for Arncle Outputs ~ 


U.S. Articies 

in the _ avted Mates. morcased ationtion has been given 
© toss sectotal Collaboraben on sentifk and engineering 
research Of parvowlar mterest has been the collaboration 
hetacen industry and unversties to ennmch the research per: 
spoctives of imventigators on both settengs and to create a 
means for more cffxrenth channeling rescarch results to- 
ward prathal applaatoms This socthon discusses the sectoral 
dutrbunen of LS articles. pattierm of cross-sectoral col- 
laboraten and (itaten. and multsdiscipiinary conmectbons of 
these articles 

Sectoral Distribution. (how! | 42.800 scentitx and toch. 
moa! articles were published by LS authors in 1995 on the 
set of 4.8000 journals Of these 


@ "| peroem were academa publications. 


@ * percent cach were produced by industry and the non- 
profit sector (mam health-related orgam zations publish. 
img in the thomedscal fields 1c. tholagy. climcal mod- 
vine. and amedscal research) and 


@ *peroem were produced y the boderai Government. «ith 
an addrhonal } percent published ty FFRDCs these iat- 
tect were mans on the phryssca: scoences and engmocring 


These proparhans represent s siighth cahanced positon 
tor academx pubbcatrons sence | 981 (68 percent) and an off- 
setting decline om the federal share including FFRDCUs (See 
append: tabic 6-44 | 

The surmber of ac adem papers increased m all fields but 
mology (down 2* percent noe | 981) and mathematecs (down 
27 percent) The decrease in olagy was partially offset by s 
strong mcrease im thomedscal re-earch articles. possibly re- 
fecteng a shift on focus No ready explanation is evident for 
the decline on mathematics outputs (See append: table 6-46 
for freld taxonomy | 

Indust abbr has undengone comaderaitie change over 
the pernoxd reflocting both growing interest in the amedcal 
foeids and a de jone on some more tradshonal arcas of dustry 
actrot. Indestr pubhcstons almost doubted m clinical med: 
cane and trypled in beornedscal research. these two fields com- 
bined accounted for 4.700 industry arncies or 39 percent of 
thes sector's total mm 1995. vereus 19 percent on 1981 Industry 


Thee soctecen Gree wees ail artcke cutpets produced regardiow a! ong 
natemg worker Not al of three artkhes angeneted @ te s.e@emma sector 
However ~ percest of them Gd @ |) 904 and mam athens arose col 
sborethor © th a. adem, researcher of hee one Ge academe Liners 
tare Moreen the nm! S imereture cCammet he Cieenh braber ow 


pertormang wacker 


publaazbans on pirnwecs. Chomeatry ang cngmmocnng and ich. 
nolog> = ficids traditionally cmphasized in mndusinal re- 
search as well as mathematics al! declined in sbeolutc 
numbers during the | 980s. cngincering and tochmolagy wil- 
fered a parncularh #vcp decline during tc | 980K The proce 
roasam for these declumes arc uncteat. but they may mm part 
reflect ame outcome of the restructuring and refocusing of cor: 
porate RAD actrvitecs (Ser appends table S44 | 

tne producto ty tie bederal Comernment toll and was 
Sead) overall for FERC s bederal research output in beornedh- 
cane and chermmtry was steady Phywcs and carth and space «)- 
once atticles were up. bes a dochmung ceatpat m chimcal modaconc. 
teodagy mathematas and cnginecnng and tochmojagy out- 
weighed these sumencal morcases in the cae of PRIM: 
creased pubbhoatoars om pinwecs and carth and qace wrchors 
balanced declines m other fickds Vogel ongumicanon in 
cTeased pubbcation on the heamoracal fickds in whach they have 
a combuned || percent share (See append take $44 | 

( ress-Sectoral ( offaberation. Sorcnti! and cngineer. 
ing research im the United Mates mcressinghy involves in- 
vestigatorn from several employment sector. as cv denced 
ty the steady mecreases in the nucnber and proportion of ar 
toches with authors from more than onc sector This imoreasw 
es evident for all sectors and for al! ficids cven those with 
deciuming output « cxcept mathematics. where the modal pat- 
tern remains sole authorship 

Just under one-quarter (24 percent) of all academi pa- 
pers published in 1995 wnvolved collaboration with onc of 
more authors from other sectors 6 percent from industry. 
& percent cach from the bederal Government and not-for. 
profit sectors. 3 percent from FF RDC s+. and 2 percent from 
other sectors * While thes proportion may appear low, « 
mmvotved roughh 2S 900 arncles and represented an increase 
from 20 percent m 198) (20.100 articles) (Soe appendix 
table 5-46) 

The propensity of screntists and engineers cmploved in 
other sectors to collaborate across sectoral bowndanes was 
much higher than for thes academx colicagucs 0 per- 
cent in industry, $6 percent in FFRDCs., and 60 percent and 
above on the other sectors Morcover. | 98! -9S mcreases in 
cross-sectoral collaboration have been more pronounced in 
the nonacademn sectors. ranging from ~ percentage pounts 
for nonprofit imstitutions to 23 percentage points for 
industry But most of the cross-sectoral collaborations in. 
volved om: of more academ authors 

latervectoral ( tation Patteras. Kescerch bwiids upon 
prey cows results. and references to soentfx and technical 
woctes reflect ther ublity m sutweguent work The distribypon 
of such cahons to lS scuontfix and technical arncies largely 


Tikese Gectones apparent) Go net reflect » lack of cowerage of nee ty 
cetaitrched ronan ot the brett of octets informe asta wt They 
wore checked ageane twomds om the | C8 and | 99) (SI pnurel etm and ote 
te steobue maemitens -aned acto wet. the dec te amd rristree reics of 
cihange for three omdwers (etd: errr found te he ocr) emer 


“Tikes Getaeh add up to moet than 4 percert became of the eager: of 
PERTTS cere mg ewtices oo ree oe mee eee 
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Data Sources for Article Outputs 


The artiche «ments discussed on thes soctean arc based 
oo scent! and engenecring articles published un a stable 
st of about 4 800 journals selected by the institute of Scs- 
cntitx Information (1S1) as the hase for mts Scsence ( mta- 
tom index on 198) Prekds cowered are climecal medicine. 
pac msences. mathemabcs. and cngmecnng and toch- 
ootogy Append title $45 lists the comsttuent fine fiekds 
\ datahase cowenng the sactal x vences and beha poral as- 
pects of psychology os beung prepared for unctumon in fu- 
ture /ndx ators volumes The database «1: fades letters to 
the odstoe news proces. oditonals. and other cuntent whose 
central purpose m» sot the presentanen or dincusmeon of 
soontifx data thoorn methods apparatus. of cupenments 

IS} penodscall updates its pournal coverage. based m 
part on references to artcles in pubbcatoms not currenth 
io luded on the datatase Gren thes crtabons-hased up- 
dating IS]. database appears .o gre reasanaith poad co - 
otage of a core set of scsentfxc journals (albert with some 
| nglosh Language Mas) but not necessary of all that may 
be of regrenal of local emportance Thes last pow may be 
partxwlarh sshemt for the engmecrng and technolagy 
vategor) and for nahoms with a enall ot apphed «sence 
hase In thes diwusssan lomg-term pasbdistumg trends im- 


mut met onterch reflects the destnbutaan of the articles ther. 
kk with the halk of Chatham goung to academac panes The 
nadenm socter contributes 7! percent of afl articles and 
mccne | petoort of all ctgtoen Its otutan frogucncs m chm. 
Le modsone heomedscal research and mathermatacs 1 saghth 
hohe om putthecatwn share um teokgn chem and cng 
neering and techmelags the cxiathhan fregeacmes crcceds ats 
pun ates ohare (Soc aggremdin tute $47 | 

Imdwetry artectes ate csted at a hegher frequency than ther 
share would suggest m the fickds of pin secs and engineer. 
img and technology In recent vears. however. both of these 
frcids havc capersenced a deche om the nummer of indus- 
try artacles as well as a declone on the nuenher of cotations to 
these artic bes 

Linkages \mong Dieciptings Kescanh of mam aor 
tifa challenges mmercawngh robes om the know todge and per. 
spectrves of a multitude of disceplines and epecialtics 
Hackagests serkeng to understand ocll fumcthams supplement 
tochmgucs and approaches devclaped omermnalh «ith others 
developed mm cnginecnng Chemist, and pines ( aatans 
wm scocntst ik and tochrecal articles that crow dmcepleary hound. 
anes arc ome mdacater of the multdrcepienary nature of the 
conduct of research The citaton patterns among Scecnoe ( :- 


chudeng Cosuthorsvtup patterm arc based on 4 journal «1 
established by [Si mm 198! (hater mremds are based on a 
1985 journal set Of course, new journals arc always be- 
ing created and old ones coase publication “No attempt 
has heen made here to trace the berth and death of pournals 
and then scloctean for coverage by SC] over the years All 
data der ¢ trom the indacatars Hibbornctr + datatase 5. ¢- 
pared for NSF by CH Research, Inc 

Articles are attributed to sectors and countnes by the 
author insttubona! affilaton «tach untraduces certam 
complioubes and mravom bor cvample. a paper ns con: 
udered to be mult-suthared ont if two of more author 
have different onststutonal affiliations The same rule ep- 
fies to Cross-sectoral on international collaboraiens bor 
cLampic. a paper written by a lS cotuzen temporanh re- 
sodang in the ( meted Kungdom in collaborsnan with same. 
one at bus of ber US. home metituten 1 counted as 
imernatonall Cosuthored thus possibly overstating the 
extent of swch collaborations (On the other hand a paper 
coauthored by a Breesh crtizen temporant located at a 
CS university «sth another member of the faculty would 
not he Comadered omternahonalh Ccauthored thus under. 
stating the Count 


tathan bade. artiches pros ide a ghempec of Commectans arnang 
major feckds amd fime fichds 

( tates on 1994-95 LS articles comtamed in SC! were 
aggrogated ty field * Of the roughly 2 } mulhon references 
artecles on the three life wsences §=«whech accounted for 6} 
percent of the | S cutpae conmtamed 7! percent of the c- 
tations. those m other «vences and mathematecs 25 per. 
com. and engmnecting and technology articles pus over 2 
percemt The dostribunen of these citateoms across major 
frcids shows the capected high mosdence of references to 
articles on the same broad ficid ranging from 69 to 8} per- 
cont mm the pln wscal and carth and space «1ences to 62 per- 
cent un thology “rtecles on the combuned life scence ficids 
otted other life «rence articles 98 percent of the nine How. 
ever, the crtatawn pattiorm arc not svemwnctrcal A greater 
Propertan of Cristrams on the pin sscal scrences. mathemat. 


«s and engineering and technolagy focuses on the life s- 
ence frcids than vice versa (See appendin table 5-45 ) 


Dime few ative oda ators of maiden temas ceca) ate macy ate fot 
cmd a eckginke . Chace ete of toecat. om aro doe qm) eesndarrs 
ouitedes qaenars commer. ated map malted gear, preent «¢ gle 
he hear ooerenc® lt cade » aia eoperecetstn: Ants or 2 roots 
Sr emce et toe tee smal wr 

“pecefaatht coferemes @ attcies © ome ot cure | 8S sutton p> 
eed oe 106-05 op seurmas cewered Ge OOS ST et et cme other 
1S stiches putirched o | Oen6! 
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i .amematen of fone fectds undermoowes the tight Comme, 
thats atrong the life wecmoc frekds ( statectes on clenecal mod 
cine and hormedace! research attaches are largely to other 
aticles on these samme map frokds =“) perce of hagher 
ath most of the romarneng .itateans to beokagy These dors 
met qecen thet thee coecerch « ecelated fron other meas 
fockds About 6 20) oC otatsans om clamcal modscune and 201000 
n ormeda al rowcarch arta ies were to pineal woemOeS. OM 
gmecting ot mathomains pcurnah Hut thes represented 
tm porthans of thee tatalistateans sunhorng 420) (0000 and 
6S) (8) respectively Pharmacy aml pharmacchagy. for cx 
amapc. cite aftecies 19 chomestrs sowrnal. «anc beornodacal 
wer taltees cre Chomestry. pin secs. carth and space ~ecmoes 
am! engmmecnng and tochmolagy The carth and space « 
comes commecton to hemedscal reoscarch « intngumg 4 
poroomt of astvomorny, astromirn secs (cates were to thes la 
craturc. whech om tern recerved more than 10 crtateans from 
goactal mormeda al research artactes These citation lenks re 
Neat among other things the well putin ied adaptabon of 
astromunm chagemg tochmegucs to modscal diagnos uses 
‘ Rortunolary npotagy arta bes Comtaan references to the aoows 
tx ‘tereturc «6 sacs reflen tong a sernslat mete (Soc 
apprctadis tatic * 48 


Trends in international Articte Production 


The artake counts roperted here mdscatc the vobumme of 
xocntiin publresheng im a grven feckd and country. and the 
techd mes of different Coumtnces. as reflected mm the oct of 
core powrnals in esterprctmg these Cownts. note that they re 
Mect freid-to- frekd and Country -to-cowntry Vana on pub 
omentions and differing sizes of scremtel ic 
ofrastractures The dew wesc facwecs of broad trends and 
rclateameium (Soe “Olate Sources for Artecke (latpewts | 

Wortde nde pula atean of «contri and tochnecal artectes 
nm the Mo] powrnal oct steed at ehoat 4°99 G0 mm 1995 (Soe 
append: tatic 6-49 for detatiod counts ) Almost ome-therd 
f thee 13S.) 06ers artectcs om cleopecal modecune 
morneda al rescarch and beobagy accounted for an addrtianal 
O° (00 attaches Arteches om chomestrs. pire: and the carth 
and space «senoes qumbered 61.000. °4.000. and 2) 00 
reapectnchy there were }! 000 articles published in ong: 
neering and tochmolagy and 5.000 om mathematics (See 
fogure 5-24 

hive natom prodwoed more than 4) percent of all artectes 
um the SC 1 ect of powrnals om 1905 the U meted States ( 3? per 
com), Japan (9 peroent). the L meted Kengdoen (8 peroent) 
(sermany (° percent). and france (* percent) No other 
country + cutpet reached S poroent of the covered articles 
total The rogeomal dostributeen of these articles m chown im 
figure $24 

from 198! to 1995S. the queher of articles published 
worldwide on the SC | powrnal «ct row sy almow 00 percent 


rah ng ‘ 


Jejte  -aGere “Ceeeerct anc Uewsornet | camo el ers Meerom iterator Wwe Ueaduate bGucator at Otte 


arma 12% Ques 
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compared with § percent om the | ented States alome ~ Thos 
imtcasc womoded with the dev chapsecnt of utrengthonung 
of natromal soscntifn oapabelitecs on scovcral world rogaom 
a dev chapment that «as partnularh promounced after the 
end of the Cold War Thus. « gradual decline m the 1 S 
workd share semce the carl 1480s Continued through the 
med 1990s dewprtc Continued growth om |S) pubbicateons 
owtpet (Soe append: tablc 5.49 ) The bt aromean share row 
from 42 te 3% percent ower the persed ft os behely that these 
gars partsatly reflect | urapecan aston Concerted polite. 
to strengthen the «scm haw on both indn edual Cowntroes 
and actoss bt urape as 2 whole 

The artecte volume of the ( ontral burapeen tates § Bul 
garva. ( voch Repullx Hengary. Poland Romana. and 
Skeakes as a group declmed through the carly [90s bat 
rehownded to chose to ots 1981 hewed bey 1995 19. 10D artectes) 
in comtrast. the arty ko owtpect for the nathoms of the former 
Son ect © mean declined at am acolerating cate after the late 
198s. drappung from shout 41.008) m 198! to 22.000 m 
199. thes decrease ted wo 2 Geclime m world share from & 
to S percent The .ong-term decime m world share 1s Gent 
entirety attributatic to the drunmtogration of the Son rect Hhax 
although thes certamy Conmtimucs to Contribute to the trend 
Arncles reflect work dome one of more veers carher, and 
the decline has boon gradual and otects atc oncr the onterc 
persed ft es hhkehy that relate poltacal and wocatifi mo 
latben combermd ecth cooncamen difficulties has afflocted 


“Tieeee fagueres ate Crater cotemmatc. ete Sagatce freer at cogemind 
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the comdant of scoemtefxc roscarch om the rogsen 

Southeast Assas cmerpence + 2 potent. hagh-toch rogean 
+ well tenon.” and dats on attack Proactoan present ov). 
deme of a cobusth develapeng mdipenows SAL hase The 
\uan natoens work? share of pubblicatvom rose fram || to 
earth 1} S percent wace 198). bat comtradsctery tromds com- 
hme’ to proadace thr total The eure: of artiches prodaced 
th Japan mncreaeeed from 25.1000 wn 198! to 99S m 1905 
thes represents a 6” percent mecrease three tomes the wortd 
avetage Ver) large percentage morcases ower the porad 
though fram very how haecs wore condor for ( hens (fron 

11 to 6200 artctes) and the sewh modustrahred Awan 
comets Tarwan (from '70 to ).90) South Korea (170 
to 1.00). Sengapere (120 to 90). and taomg Kong (from 
“Een 19 to 110 om 1995S) While these games were real- 
vodom a small cwnpat hase and the Combened autput remain 
rraxtowt the Comibened earid sharc onelved rose from one. 
hall ot | percent to } 4 percent ma very shorttme «with no 
decrease om growth vet ovedent (in the other hand Inds + 
publlcathons cutpet has comtracted by 3 per. sance 198) 
dropgeng from 11 700 articles to 7 SD mm 1995" 


“Thy comrtpeme of Garr Seage ccgmttacs o tag ae ® ccommemn actr aty 
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ae CRgeeereng and tocteecteg, @ Gracried @ WS 6! OF be) See chee 
fee ert apne © oe bagtere oct ste Gc. chogumerem: smd . hagpere 4 om 
patmerte ( BAL) cape 

Voom Qc + Gate ter veers Nether ) OR were copied ee Gy | ened 
& ompedoer + 

en Ragtime are aot Made OM) The settee meme Maat Be dex be 
att te mod pee rage of Ml and thee © paralirtied 2 
dex tee oe COR te tedhae artactes The quecuiste Gast ae ageng « sont « 
eortierc mun Me emg ated sheng eth s Wrest Gres of weumg beddeme 
— aOReet: ete art te ermkd Oe cued of Oe ccrammince & eta ® they arc 
pebtrdeed tee oe the petew sce of coupe 
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Sence the conduct of research reflected in these artic be 
owtpuls requires financial, physical. and human rc 
sources m short a wventif infrastructure the poten 
taal for further siefts om arta te distrebuteans «an the gicancd 
from a bret comparinen of the ccomomnx and article owt. 
puts of selected countries While no wmple reiatromshap 
crrsts betecen the relative wire of 2 nation’s GDP acd ots 
article output volume.” there do appear to be samme gen- 
etal tendencees (Soe appends table $.S0 | bor the nations 
shown. the aumbber of papers prodeced per tullean | 5 
dollars of GDP ranges fram 2 to $4 (See figure $-o6) 
istaci and a mumniker of wmalice | eropean aston rank hegh 
owt. exceeding 0 artecles per bullion LS dollars of GDP 
The United Mates ms om the maddie range. «ith 20 articles 
pet tulbon dedlarns of G:DP Nations with fast-dev chopping 
ccomomecs have emalicr than cipected attxle outputs 
There «+ ako a lange semmber of nation arth coomomers 
that arc wall. of small on a per capeta bas. that comtre> 
ute lithe to the world’s scrontifx output 


Fretd Ovstributior of Artictes 

As noted carteer. for all Countries combuned the infe ws 
cnoes accounted for the bulk (SS percent ow 199%) of the 
artectes om the SC] database (Soe figure $-24 ) The acarh 
20 percemt mercase = world artecies fram 198! to 1995 
was driven hy omcrcascs mm phy secs (6) percent) the carth 
and space wecmces ( ) percent) and beomedaca!l rescarch 
(MM) percent) Hrolagy and mathematics publication: de 
cloned i sursber (ty |! and 2) percent, reepectively ). pos. 
setthy signaling the dems of comme pournals in these frchds 
( hemmestry and «lem al mode mmc artectes increased slightly 
(hy 12 and 16 percent. respectively). wtule those om ong. 
necrng and techmotagy did not moreasc at all Because of 
the large surner of articles pradeced cach year. shifts m 
frctd detribunon have been wmal! bet notaccable (Soe tert 
table S-12).) For cuample. the life scvcmce share fell hy 2 
percemag:e powts thow of mathomatns and cngimecring 
and technolagy fell by | pout Withen the life scoemoes 
teotagy + share fell by | poents whole beomedacal rescarch 
artacles increased suggesting 2 gradual stuft in rescarch fo 
ows The share of ples articles morcased by § percent 
age Powrts ower the perid 


US Articte Output in the international Context 
The roughly 142.8001 S artecles published m 1995 ax 
counted for shout 33 percent of the weeld \ total. ap on au. 
ther from 132.300 wm 198! bat down from the slime & 
percent share ©! world total these articles then ropresentod 
Thes drop reflects the fact that other nations pubbecatroms 
outpat has cupanded reiatrscly fastcr than that of the | noted 
States | S output has grown mm scence fickds notably =m 
round numbers from shout )).000 to 25.G00 mn teamed). 
cal reecarch. and from | 3.000 to 15.000 m pies it fas 
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horn rough “tcads om clenecal modacunc. at sleet SO) 1D 
Decieses =m cutpet aocurred m beolegs (frase 15 48m) to 

(nm) cngrmectmng and technologs (from | 2.000 to 
158)) oamed misthoretns (from 4108) te + TR) i See ap 
momades tallic 6.439 ; 

Hut the i SS attache potthoteo 1s guste different trom that 
{other mane prrunten ors i“ lhe Socom: ated lex haw! 
o> Portioiasn of Neto Nechow ) copeewecmth | S earth 
share and «hanges im world share. arc ficld dependent The 
~epest tolatnc dev hemes exc arred in cngmecrmg and tech 
moh ( PeTOCRiag: poents: and hookers (6 pemtcs Serallcr 
deviemwes om the | S ehue (2 te 4 PMTCCMiage Prevents) ox 
curred m clemecal mode. the carth and spare “CROC. 
nd mathomata.s The pin sn s share contracted  ncarh ‘ 
ments whole ofecemestes feck! «tc acd 


The Scrence and Technology Portfokos of Nations 


\ateems makc omplert of cipiand chosces ateeet the 
naterc of thee ~ccto amd to fetekegry powtiodens (rough thor 


I toemmroes. the rowwitse of tTheed cheteces are 


jikm other 
vcfhovted to were degree. m thew attack: cutpet data (Sex 
eppertedes, table *.41 5 it me chow that defioremt mates hav 
om deffcrem choc: petictm: and that thew pattern can 
ated ch> «hha «nN cCT lems 

bopere S$. 27 stees the 1095S mertiode mun of 2 range of 
(wuntrecs. atraved ™ the Tractren of thew total output 
deo oted to «home a] moda ome and Prormeda al rowcarch to hac h 
a cnet toe sheet hall of thew artades eoebde schkes The ort 
itt ™ cs mM cTmgaaes atc Virvi og The | ested Ststes | motod 
Krieg wr owntrrcs of Newtherr t wtogy “sora! smmalkr 
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mes. bades. bastern barepe. bgypt. and Mexsco. cach of 
ahah thas a wrall fractean of ts pewiiodse om thew {sche 

in Contrast. framce. (eormmamy. Spam. Ital. bastern bare 
moar aateem Ress Measo Japan the mow eacbestriai 
rod Aman coomommecs (ospecesily ) bodaa. ( hema. and bf gyvpe 
peat Lar etc @cogin than the wowtd avcrage om comment) and 
Yrens Rewee (heme bgvet and agam cepeceslly thx 
uote. anc mutqweortin for thes Camo urron! crmphs 
CRE MMO Mg sd to. Perko 
( oagetrece towed to eheeft tfc few. of thew «ecmtefa activ: 
met tome (Soc appecmin tale 5-5!) ) Viggo 
ame Ww 2 loweer CURR. Perens 
we Ondeont for samme of the wotid s dovelopeng satsum. and 
oprotm: Resece etch once had an cutromecth boa, stake mm 
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thew tradetoamal feckds in shifting se ay fron them Hookagy 
roscarch mom relatne devi around mach of the workd m 
tava of marcas. on fc mate apgord inde « some drm plies 
t agemoctimg amd tex tmbogy has how! gro om mam nates 
pewthdas relative to otiect fackds Note ommever. that tac put 
lols of eae of thoee Coemirecs were ver. emai! mm 1 9R! 
makong tolatinch large perucntage « hampes parssetic as pub 
nate comnts hue grom n 


international Scsentit Collaboration 

im oman fockds cutteng-cdge « romee rs omrcasungh de 
peedent on iknow lodge. perspectives. and tochnegucs that 
ctoss tradrthonal drew eplenary Downdarics OMften the ope 
of the problem ic g  comsiructing 2 coordinated array of 
ardch spaced tchowopes of mapping global om ironmen 
tal tremds) combuned with complicity and cost. suggests 
ot even dxctates braad collaboration that ucrcasingty in 
volves epternational partners Hoth trends  uncreased col 
laboratron and growing imictnatronal Cooperation «can 
chearty be soon om the puldx steams data A pers asivec trend 
toward greater rcotifix Collaboration affects all article 
feclds amd a sicadsh growing fraction of most nations 
Papers omolves mmtcrnateonal . aauthorshep 
CLsmunes these trends. the | SS porsrtson om mntcrnational 
<Ollaboratreon eho cofisghoraics with ehom hoe deve! 
oping and dev claped nathoms Comparc. and what collabo 
rathon patterns cit for and among Assan nates | 

Treads in Scieatifi ( coperation. \ promoumod world 
wade tomdem cunts toward greater wocntef a collaboration 
a odenced ty pattern of Comporstc Coguthorvhep of «cn 
tix amd tochmecal artacks written hy authors bacated im two 
ot mare different imtrtupom “The phonormecnan can be ob 
swerved wm ewery fickd every sectct. and mot countries Morr 
oer wah colighorgieon mn marcawngh micrnatawal nods oy 
rewarchers from different nator in 1 99S the pranorbon 
of the world + pagers that were Kouuthored (mm thre malt-m 
“two wee) eas SO percocet sim 4) peroem of thew 
meolhved mtcrnateanal (otlahorstean (Soc agnondn tthe § 
S$) ) The sumix: of coeuthored artecles mercased from 
1210 om 1981 133 percent of the total) to 219.400 wm 1995 
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Tier Gots Gee weer @ Des ete cede ne fe ox elem ot rt hk 
catieeving @ ot? Qe phe: onetateme sf ate a be mod & 
too cr mere commits Tew Gate hae crlee lomengre, bor comme > 
paper eremce ef 8 turce Scengerereh scwneng of er | mar’ A ogee 
om (0 Shige gece © om ween woh. oe tao ON treme Outetetee «| agen 
e wecTnetene J ageiieewrd the font sn cretgtemg Te CUactr co oat 
otieeegtere (6h Gy other bend 2 pager ocoetiw od’  » Brent . eure 
wage be eed 2) So amrcret) © geeiny eaceter of Oe fa al 
cowed me tw cme’ emoernstema: Cae od Se adc wige tk 
ome Forties Oe Gets wage 2 pre ang woe bee ard mein: .) sary 
ee ee ek a ad 
amd rete 2 ope cet adem om On meres 
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Na © meine atte Te duas en cas epee ek otter age 
tht » ‘eo of tsote euler ay oaemed @ . ageless coh) Oi we o fe 
vow mete Tle wom preted hem rc eRe) eroarer 


Aomeemg er. awe of Cree ee a me Goethe ar Cea ot adh) am od 
veeeng eobeer. end coer aa tow mr Mabe room ceutendke Chew natn « 
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“Ot meroomt) (iver the pore the euemiect of internatecmally 
authored atch eotidenk mcrcascd he OOD peroom 
from 21 18) to 638 | 6eteke the total meter of artacies 
rome ts aio ame fefth The motcasc om turn comed a fine m 
the Craperbarn of all paper pulled eworkde sade nots ong 
wae deyro: of maermatbonal CoCuuthoreiep from 6 perocwt 
mn 1V8l wo 1S eeroeet me 1 oes 

(otpewets .oaethhotap vances foci fue Clampc. © 
me 19V)-45S poreel the |S mctage of coputiowed attaches 
eas “ poroemt. bet clea! moder was well steno tat 
anh +4 porcest of as attxkes copmthered ( hemetry. cng 
scooting and ta hnekagy Peodag. and mathowustas had kewet 
fates of corporate cofighkerstean. ot 9 43. 46. amd 47 gece 
Oot, rowpoctrvety. the offer feckds were cheer to the mcen 
Sow apwectades tattle 5.5) ) Waker varemtoces caursts om cates of 
mcthatees! collateral Measured agasne al) .oguthored 
eftches. the |S average was 29 percent for 1991-95. teat theese 
eas bon influcnood 2 19 percent rate of chancel mod: 
cue attches Of) Gee other bard SS! peroent of commthored 
vaatheTaaths afta kes omodhod mternatecnal cofighorsteon 2s 
bed 46 percent of ples and 4) poroem of carth and pace 
“HOTA. atk ies 

The persetaum of the | asted States on mtcrnateanasl codigo 
geeiae oodomod ® (cauthordbep) characterized hy reo 
voenptermentary treomd: bor simow covery satan ech strong 

oT nates (oautibogehep tacos the nueniner of arta tes suds 
egal S uther row strongly betecen 198! and 1995 Dur- 
og the poreal hoecvcr mam auto Nwoumbomed tie roach 

frhoot omternateana! coflatorsteom (sasang 2 gradual dorm. 
muteon of the |S chare of the words emternateanaih cogs 
thored attaches (Soc apgneendes talc $~54 } 

Thc | meted States hae ome of the fegihest \caatiorup rates 
nthe work S8 percent of LS artaches pubtrshed mm the IS! 
pourtnal «ct enobved corporate coumthorsep om 1995S ap from 
tipercent me 198) CS suthors contributed 4) percent of all 
wmuthoroed arta hes and partacsnated m 46% percent of all mact- 
capone) coauthored arttctes well m cucess of the }) per 
com SS atch ohare Bet of ot LS arteckes pubbeieed @ 
vs om | * peroeet eweived mtcrnateons!l cosuthors 2 
wrnallot potocttage than that of mow o¢hert nataoen Thow sump. 
hors reflect the shoe ware of the dommeeta |S sconce hase 
Veowkte ak Goemewta amd isternateomal . asuthorhar have 
ato ren often more tooph om term of fee praperton of a 
Cowmntny s paper solved) amd to hagher bewehs than om the 
( mted Yates bor meet Commtines the share of micrnatean 
ath Coaguthbored articles ranges from 2S to 40 percent of thew 
outpet. bat Japan and teche (1S percent cack). Rew i)! per 
cont) and other former Sowsct commtrecs (| 3 percent) arc well! 
thohow thes range (Soe spgemdi« tale $.S) ) 

Vi he ( elfaborates V ith W hem” lntcrmateome «ocett ax 
vollaberatien. as moeawred by the percentage of a Country + 
malt) suttne attates amoheng mtcrnatecamal casuthorsap 
Comters to a comadersiie degree on the | ated States (Soc 
fogure $28 ) in the fort hall of the 1990s, shout one m five 
omtctnat oealh coauthored papers putdrwted mm map foro 
pean madustna! nateom mnotved Codiatoe gtsom « oth the | onted 
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States. for mam other mateoss. the rate was mach hagher bur 
cVamgc Japan aad led «th bow cates of intcrnateonal .ot- 
laborsteon shared 40 gad 28 percent of thee mtcmnateona! 
Cowethorshaps with the ( asted States espectnech Chena 
™S percent. Tarean, 6) percent. and Scath Korea. % per- 
oom (See appends: table $54 ) Rates of colishorgton «ath 
the Lavted States ranged fram 2S to 35 percent for major 
South aad ( ontral Amencan countries. 4$ percent for bwael. 
amd ocat WO) percent for Aewtrale and New /caland ( cun- 
tres of tke former Ses ect | asom Coflahorsted retatinety bows 
frogucet) wth |S partners. as ded al! ( omtral baropean 
astro cuccy Hungary 

| \arvenateae, of the satme omdecater for an carter pore 
19S) 5S sagpeets that the scocmtefac word ms wetmowseng the 
do chapement of mee comters of act ety. probabty refloctmg 
omtememg potta a! and coomomma do chapements om the wake 
ot the ond of the ( old War ( cenparrson of 1981-55 and 199). 
VS dats shows strong growth om the summer of artaches eath 
wutthors from morc than ome maton amd af the samc tome 
a Droadoreng of iptcrmnatonal Colighorsine bes (Soc appen- 
dex tale *. 54) Wheke comatioreiep eth te Lmtd States 
vomtmeed te fac mm tor of sumnike of pullircatsom. « de- 
cleeed «th mam Coustne: mm torms of the chare of all thew 
imternatronally coauthored artecles (See figure $-28) 
The share deg (et moe a dex fome om the sueninet of artactes) m 
voflaboraton «ath the | mted States was mow stiriheng for 
(heme cought) percentage poents tet ms cvediont for mow 
other countrees as well A semela pattem. though much a- 
tomwated 6 Oo sdomt foe the oaagor f aeogrecan eadeetrnal natecen 

Im the Assam regeon the tromds arc woemewtast crrat: bet 
generally ondecate the developement of rogsomal Comperain< 
putters: emotveng ocopeceihy (bene and the macwly wabos- 
tralired qoomemme: Rogronal coliahorastoon as moasared by 
the Proporta of Coguthared arta hes «ath an author froen an- 
other Awan cowntry. « ahmowt 2S peroent for South Korea. m 
choos of ) percent for Sengapere and Hong Kong. and 
stemmed |S to OP percent for mest offer commtnes. bade and 
bapan tave lower tates of coumthorwtap The degree of col- 
laboraton woth Lapar has mcroased for were bet moe al! of 
thew sateots am! the steotutc suenicr of papers wth Jape 
now Comutthions hus meen ( oflgborgtson «ath the ( meted Sates 
ts hagh tor these coomemecs Tarean 6) percent. South Ko- 
rea. © percent. depen. 40 percent. ( heme aed bees. 28 per. 
comt cach. and the other Assan sateen: shout one-fifth 
( ofighoraon «ath farope 6 low proemement rangeng from 
10 to 2S percent for the entere CoOmtmcet 

The ( contra! | eropean auates have farh arong rogeons! 
codighorsinc bes grep the reistnch enall vobume of thew 
coflectrve pulscatiom cutpet They share [0 to |S percent of 
thes metcrnateomath (oavthored artates from rough half 
to 60 perce of thew attaches arc shared wath the row of fo. 
rope «most trongh «ath Crermany (around 2D percent) and 
the United Kengo. france. and Italy commbened 1/5 to 20 
percent) These fagures have mmcreased over thee bevels m the 
19RD as es to the countines of the former (SSR have geo. 
etal atcrmusted on the | O80) Intcrnateonal codishorsnon mm 
volves LS scocmtests mm show 10 percent of the cases om ( sock 


esa 


Reputtx . Shwakes. and Bulgaria. mm cxces of |S percent for 
Potand. aad over 2) percent for Hungary 

Rizasas s codhatorative tacs are maenh wath the | mated States 
(roughly |S percents. Ceormany (15 poroent) and “Nc Unated 
Kengo. france. and italy coembened (20 percent) The rest 
of Lurope represcnts DY) percent. collaboration eath other 
former member slates ropecsents 10 percent As a growp. the 
comntnes of the former Son ect ( neon (except the Halt states) 
havc mach the warm pattern. though «ath wcsker Cooperative 
lomks to the | oeted States and Crormam. and ttromger lmks to 
other Luropean natrom Scecmtests mm the Haltx states who 
collaborate micrnatpomally temd to do w auth collcagucs mn 
the Scamdeuan san coumtnes (2S percent) sieving to strong 
cultural and roponal bes among thew nator 

The US pattern of metcrmatronal cosuthortup samds m 
sharp comtrast to those pew desorbed (as ¢ mast. green the 
hegh percentages of (So emotvement m most other nabons 
mcmama! codishorginom) No ome cowmtry contnbwtes more 
than 10 percent to the |S attcles wath multmatons! au- 
thors ( amada the | ested Kemgdom German. all of South. 
ore tarope the Northern f uropean countries and all other 
Western | aropean aspom Combencd comtnbutc betecen ~ 
and 10 percent cach. the b astern | uropean and former Sov ict 
ates Combened Comtnbute another * percent. Japan and the 
othet Coenfened (aan nator Comtrnibutc shot § percent cach 
The = 2 much more ven dtribwhon of micrastionsl col- 
laboratne tes than me soon for the other Countnes 

( owntnes with wall mdegenows «sence cuztinhements 
tered to havc Aagher bevets of umternateonal coguthorvhep as 2 
percentage of ther total artck: outpet than do those with 
langpet more mature sy term Rather than collabewateng re. 
geomalhy «contres fromm dev chopeng natiom tend to work wath 
those from map scocmce-prodceng nator in the case of 
wmall bot mature nateom ic g the Northern o¢ wenalicr West. 
orn b arogean Commtnes i thes paticrn n sugmented by rogsone! 
vodlabocstion Pobtocal motatson coomoma drarptsan (as m 
the cawe of the states of the former Sonect | neon) amd cul- 
tural o¢ lamguage harrers (as om the case of Japan) can mfle- 
cmce thew patterm: and reset m umuwalh bow degrees of 
omtcrnatrwms! . dishow ata 


Use of Scsertific and Fechrucal 
Artctes 1 Subsequent Reseerch 

The ghota! dememssoms of the comduct of wscntifc actre - 
ay dewouned aheac om term of mtersihona! research col 
taborwatean arc she reflected mm the pation of . tateors to the 
iteraturc “ucntets and ongemeets around the world Cite prooe 
work dome chewhere to a Comaderaiic cutent thus demon. 
stratimg the exctudness of thes cutpet im ther oan work ( aa. 
hom to Ome} cen commtry + work arc general promenent 
amd som bow of a tome Lag than citatom to forngn outputs 
Rogromal ¢ tatom patter arc oosdent as ect! fet cotateams to 
research outputs fromm arownd the world arc culemve 

CS sceentfa and tectmescal artactes are cted by vertually 
all matere <ocetiix aatoms m cuces of the US cutpers 
world share (See appondn: table $-$5 ) Theos broad finding 
needs to be qualified however, wmce ctshon petterm and 
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peataces vary Dy feck Mowe specefacally. tc femdeng hod 
foe Chetmetry. pin sacs. Deoemodscal rewcarch. and clenscal mod) 
come LS attecies om tec rorpemeng foci tend to be cuted at 
oe siagithy Rehow thew word cutpet share 
\ot sarpreungh all Coumtnes cite thew domesin incre 
ture well mm cycees of thew rospectrve world shares. beat no 
thet Cowntry cites ts dommewtian iteraturc as heavily as docs 
the Lasted Mates «=66° opercem Another [4 percent of | 5S 
.athoms are to Bevtesh. fb remch. Corman. and Italean arta ies 
* peroent cach to the attaches of other tL eropean aatroms and 
\eea and the Pacific (4 percent for Japant.” and 3 percent to 
( amadean attcles ” The begh - S eclf-<cotateon rate ought 
voecenaity reflect mnwwiarity. but the hagh proporhon of im 
ovement of lS ssontests mm mternatomalh Cosuthored ar 
ates vaste dow om thes onterpectation 
\ COPA of Citatsors to tke LS lteratere (tic beftmow 
coferee of apgemais talc 5.55) woth three to 2 aateon + d- 
meet Cutpet (daapomal sabucs) whoa, a general lange: dare 
f total cutateoms to LS tam to choemesta artactes (Soe figure 
™ ) Ie mart. of coerwc. thes eeflects the wake and becadkth of 
the |S cocntefa and tocteecal cstatiedement Vet there no 
oon tiong fcason ath ome Comamiry + bteraturc daowhd be cated 
om work? catpet weare oa other Comers 
varmmmc ono baropean cowntry cites another | uropean 
COUN + culpet at the rate of the coted cowmtry + artacke hare 
dowpetc tke tan arrangements that fower cofishorsteon and 
kno bexigr floes armomg the | arogecan nate ft appears roe 
wwnatc St) Com bade that «scmtrets checwhere fond the compet: 
foam | S eowerch guste @erfel m the commbact of Gace ome 
= oxdenced Ge volume of references Te LS 
ceTaturc m other Kowntnce: socntefs ad techmacal attactes 
Thee cotateoms om artectes froenm the four largest t urogwan 
dustrial matron. «6 the | meted Aengdom. framce. Cecrmany 
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wd Italy = refer to thee respective Goemestnc outputs 2! to 
“i peroenmt of the tem to artectes of the other Comntrecs mm 
the «wt |! te 18 percent of the tree. aed to LS artacies 


hetwcen % end §8 percent of the tome Chetpet from the 
row’ of Faroe recerves 10 t0 12) percent of crtateoms. ( amas 
\ oeroemt. and Awe and the Pacuix. ~ percent i4 to S per 
cent to Japanes artectes) 

The ottatams from offer Western. Soathern. and Northern 
t wrogmeen nateom refer to thew own dommecste: itersture [0 to 
i percem of the tame ceflecteng thew general wnalicr do- 
mest acoctae hae |6oamd the four large Parogean mdastrial 
natroms 18 to D8 percent The l mted States rocerves 3) to 4) 
pcrocnt of the Crtateoms and other | wrogrcan nso combennd 
lO to | 7 percent Asae and the Pactfx rooene ~ to 9 percent 
of fee tuafeorr «raters 

The pattern of (vtators among ( central | aropean netom 
s wrrmehar with » regeomal component of |} peroem. and an 
ahdetomal | to) percent referremg to the bteraturc of the former 
Son net states A stromper omentateon than for 7 ot other Coun 


“eee ont Ge Pacts ce heirs \owtrahee end Sco / cote 


“Percommage: a mer tote 1) ecmew of comming 


ONepte ° Acaerne Qanearct and Deetaorert § arc aud Senor Aenarcces maegrater vet Gave EGQucetor aut Cages 


Speers exaereitic ane 


babeactheteavens 


es 


ir 3 
balekt 


e att ls 
Bees Boe Bi 9 oe 


Seepesea ae 


hoo Gees wee Sh licerxe 6 fnreery “orem. ON 


trees ms evadert toward Assa and the Paciix whach rocernve 2 
combened 9 to |! percent of the crtateom 

Somes fiat bows retsamce on b aropean «ocmcr owtpet worn. 
atat greater relamce of that of the | meted States. and morc 
of a rogeomal Assam Paci focus mark the citateon tees of the 
Assan matecotm ( heme and the mew hy industnalired x oewenses 
ome thee own artecies only 10 to 2) percent of the tome. bat 
cite cach others artactes |) to 16 percent of the tame hagh 
relatrve to the sare of thew «ecnee bases Japan's pattern 
doflerent (3° percent scif<stanon and onh ) percent of cia. 
thors to attaches fromm other states wm the rogeom) as rs ima s 
(29 percent elf <etateon. 6 percent crtsthon to Japan + output. 
amad 2 percent to the rest of the regpon) 


Patent Outputs 


(mA CREECH: axa Progrert) nights to amentors m tec form 
of patents to foster amentnve actrvity thet may have mmportant 
coomome benefits The (5 Patent and Trademark Office 
grants wach po crmement sarc boned property reghts wm the form 
of patents for mmenteoms deemed to be ncw. aweful and nom- 
ot youn These sectaawn dec wears recent o dence shoes! atrength. 
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ctang fos feteoen ~scmtita and kx fimaa!l rocarnh and pat 
cating ate ty trem m acadcmmen patcnteng and miu freon 
those actrees floss ung to ammerseetecs and Codloges 


Chations 1 U.S Patents to the 
Scsentihc and Technical (Aerature 

Patent applcateoms cite “pror art mmchading weentil x 
amd toc hmecai atta hes that Comtrtates maternally tw the prod 
tT Of Process to he patented and upon wehach  enproes 
Thee Crtateoms pron ake sone nd atean of the potemtsal Com. 
trebuthoms of putteshed rowarch results to patentabéc |S 
omentiom A sumikcr of cavests apply The ux of patent. 
img Vanes by udeetry scoment. and man «talons on patent 
AOpin shows arc to poe patents Industrial patenting rs om 
ome «ay of sockomg to creere forms adelity to approperatc 
returns to mmo atron and thas reflects om part. ttrategn and 
tactecal decrsoms Sach patenting can be defensive of for- 
werd-tooking of can lan the groundwork for crows-lcems. 
mg atrangements Most patents do not cover specti 
markctatic prodkacts but might comen ah) contribute im 
worm fasheor to omc of more sach prodects im the futurc 
These caveats note thetanding crtatiom to the sremtifix 
amd techasal beccaterc give om mdecation of the lemkage 
hetacen rescarch owtpets and mnmiwve applcateoms as 
judged the patent apple ant 

The «wecmtcfa amd tectum a! btcrature ms mctcaungh bshkct 
to he cted on LS patents The percentage of | S patents 
cotemg at leawt ome «cece of technscal artck mcreacd 
from |! percent om 98S to 14 percent me 1990 and 2) per- 
comm 19S To further cxuplore tes trend crtstoms to LS 
rewoarch artacles ached m the SC) ect of powrnals were aden- 
tefved and clawafeed by frcid and performer wctor for aff LS 
patents maacd from 1957 through 1998 The sumier of such 
cttathees mcreaed from 8.400 mm 1987 w 47D mm 1988 
(soe fopure S- 4) amd tent tate S.1 5). and ther fickd destribe- 
toon shufted dramata ally toward the fife wacmoes The rec m 
thc qammiver of Crtateoers Pactd for al! fockds and for papers from 
all sectors (See append tate 5-56) The fate growth. 
however. cccurred mm the life weemces The beomedscal re- 
search share rowe from 28 to 44 percent. and that of clemecal 
mviecume tone fromm 26 to 29 percent The comivacd share of 
Per secs cRemestrs and engmocnng and tochmotogy citation: 
dropped from 4) to 24 percent of these patent citstioms «6 bat 
feet ther stcdute nummer a ftech rome from 4.018 im | SER te 
11.246 mw 1ees 
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( fathoms to academe attecies rose faster than to thos 
fromm umdusiry of gov crament acthors pusheng the acadcmen 
share of the total from 49 tw SS percent The merce was 
dren Dh stromag gas om chemestry («tiers the academa share 
rove from $8 peroent m | 95R to 6S percent m 1995). pleas 
(fram 29 t» 40 percent) and engmecring and technology 
(from 3! to 44 percent) 

A recent study cuamuned all citations on the front page of 
all 397 660 1S patents ewarded m 1987-58 ond 1993-04 
(Narn. Haeneitee. and Oleadtro 1997) Mam of thew cite- 
thom are te other patents but among al! cotatioms 44)_226 
referred to soepatent maternal. of thiae 242.1) were padiged 
to be acremee references of whech | 7S 00D were to materials 
wm SC 1 powrmais Among the study + faedengs are 2 raped m- 
crease om the gurmihcr of crtatiom to «sentfx and technacal 
attctes on LS patent applications. 2 shortenmng of the tome 
clapsed berecen pubbcaton and citation on patents and 2 
large Proportion of wach citations to pulech fumded «seme 
idef med t» the authors to mctade arteches hy academax non. 
profit, and government suthors) References tended w be 
to artaches apprcanmg om astronalhs and mtcrnatonalh recog: 
mired poet res sowed pourmals ox budeng pournals pubdrsheng 
tusa rescarch resalts and to be fockd- and tochnodagy -ape- 
cif * The authors note both mates! (1 S patents coting 
( S authors woth greater than cxpected frequency) anu re- 
geomal © m@poments om the patterm of craters 
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Patents Awarded to US Unrversstres 

Patents men fe oe etd of the nowwlts of acorn RAD 
doomed te Rune petontal utelity for the do vectopement «of ac 
« wmprewed prekacts of peewee While the folk of aco 
deme RAD rewerch tha: m aot 
mmbetTtaken ty veackd o« Comtribute to cmmedaste Peactacal ap 
hata om the Putettemg acters tacos of ate crsetecs amal 
Mleges segge thal scademn imvittatroms ate gr ing 
mye sffettees te the potentes! ccomeemea Peoveefits thot 
mey be eohevent mm thew RAD) rewit. \ growing seen of 
auvertres amd colleges ate appheing for aad rooen mg 
Pride, teat few nowt. of work Comhacted arber facet meager. 
ven themgh the rcturns on sack patents roma bow on vet 
mx wher meesered agar thew RAD copemiteres (Sex 
Imo Pree Patenteng and | acme Arrangement tx 
seme) Pe erect oof patonts sed eontrtuteces cm ods ou rs worl! 
ahen \acwed sguaeest the Rackdirop of afl |S putemteng actr 
0 Pest Th oe Toews ate of mtcte 

After «hom gremeth mm the 190K. the qeenier of ecodomn 
Rae TOOT. at patowts on tou cage om tia | ERE frown 
sheet ©) carty om thee docuie te meee than douitc that 160 
amal 168 he thee ed 1 Tes chowekogerecet, preeenced 
dhorimg the 18 geal coer rated om thes docu. sflocted the 
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mearinet ont roth pestin anal pers atc oattutae. NOU CTS Eg ator 
weards (Soc fegure $4) | Starteng on the cart) [48h the caer 
troy ow! orreSetutooer ceteadk the cams of fi Lape rowan h ume 
vertess (defemed here a the top 16) mm total 199% RAD 
ovperaitures) with patent gaurd extend # 2 coped pace 
Whebe the Langest rescarch ann craters had Comntuted “Oper 
vent of af) academe atituteen rooon mg pater. im | YR) thew 
share of afl academe eeetttuteoms fad falter to pee hall m 
eS wages 2 beoudereng of fe tte! bow oe 
culty among pela annette ad colleges (Soc append 
tac $57 ) Novettficiow Ph 10S 8h of thee top 1) ennere- 
tas ae total RAD cxpondeture. rocen od ome oF more patents 
The cxpumsen of the nemier of melita toon mg 
puters Commended! woth raped grew th on the qeeniher of poston 
weards thes latter nw fron 458 mm 198) te | SA em 1S 
Pulia etitutom c\permded then patenting ate it) sorte 
what ceere coped) than dal thee pervate commterparts the 
tomer cocened &6 peroent of mew hh mcd a adem patents 
om 1995 ap fromm S$) percent om POR) Ar thee core terme. the 
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top 140 RAD-performmg omtitutiom: mcteaed thew share 
of tie Cx pamadeng a ackerme, pater! Dus frown stout trey -qaaar- 
ters to ower 8) percent of the total. where & has leveled off 
(See uppemdnn tale 5.57 ) 

The mamincr of academa patents tox more than scven- 
fod mm past ower two decades. from about 2S) anmually om the 
catty 1970s to more than |S) mm 1995S (See figure $52) 
Theos os o far more raped moreasc than for afl annual | S patent 
weards whech roughh doubted over tic perma As a rowull, 
academe patents mee constitute shoet |) percent of ali sew 
yeards up from iow than one-half of | percent tao decades 
ago A change m LS patent law may have contributed to tic 
stromg tox om the | G8 the law mow allows scademea mmtitu- 
tems aad aemall Panemcecs to retaen tthe to eremisons rowlt: 
ung from federally supported RAD) ORtter Comenbutung Lactors 
oman fre the orcatson of spe mared umnecnety tochotagy tram. 
ter amd patenting unets. an mcreaed fecus of -ommercull 
rebevant techmologees. and choset tes Retwoen wocntifx cad 
engmecting research and technologn a! dev clopment (sxc 
Hemderwon. laffc. and Tragtenberg 199%) 

Patents arc assagned to utility clases according to ther 
bakch arcas of appleacatron The drvtniutron of al! patents over 
tho aroas has cvotved show hy bert for acaderma patents two 
Proeoamoed changes have taken place Tic grometh om the gum 
hr of academa patents was acompansed ) a dextrose m 
the qurmiver of utulety classes mm whech they fall In addon 
wma patents are mor heath Comcentrated im retatnect: 
few appiecatren areas than are all |S patents The » not 
MaDe yer OE Patents m mam appiaateon areas arc 
me «ecmce-fased at afl Nevertheless. the concentration 
remarkatic Cher the entire pera covered ih the datahaw 
198-95) otilety chases m whech onreretecss were at cow 
tence as lekely as offers to be aearded patents accounted for 
12) percent of aff patents bet half of aff scademen patents 
(Ser appendn tithe 6.8 | A heavy concentration m evadent 
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m areas Commected with the life «rence. along with soem 
areas of phywcs and chemestry (Soc appendin taiic S$. 94 > In 
fact. the fraction of academax patents m past three utility 
chawecs all wath preowned romedacal relevance = ape 
from & percent of the total wm the carly 1970 to more than a 
quarter m the mad- 1900s. (Soe figure $.33 ) 


income From Pstenting and Licensing Arrangements 

Valuation of patents = copecauily of creme -fased ones 
es diffvcult Actual use » uncertam. there » gemerally mo de. 
rect connection betecen an individual patent and an 
ccomomecalty \ahuadte peodkt of proces and acqurstron of 
ioemeang rghts may te motrnated by protectson rather than 
hm wntent to ume Neverthcios annecrutees mercaungh arc 
megedaating roves and bccmeng arrangements haved of ther 
patents Whale total reported rev crue fleas fromm aach becom 
Ing arrangements roman how 2 trong upward tread poets be 
the confluence of two devetopments 2 grow mg cagetTness of 
uRVeTutres @ cupbort the ccomoma potentaal of rewcarch a. 
trettecs Comducted urdet thee aunpeces and readiness of cr. 
treprencurs wad comapanees to fcocogmre and mew m the 
maarict potentsal of thes rewcarch 

A 199) survey by the US General Accounting Office 
based of 1S unnvenwtecs found that they had sattantiall 
o\panded thew techmodagy transfer peagrarms curring thc | O8Ds 
Typecal lscoomecs were wri! |S pharmaceutecal. brotech- 
moka. and medical Dusemewses Dering | 489-4) the reported 
mone flows based on these looms were mendes 2 mere 
SA) mollson A more cutemene: survey coma tod penedscalls 
sence 199) (AL TM 1996) reported grow revenue receipts of 
$299 millon m 1995. compared with $1) mulison m 194! 
(See tout tale $14) The survey | whike cxtemve 6 not 
manonalty repreentatr< thas thew ovemates mu fe wen 
a lower bound sumiers Moreover. a porter of these re- 
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s $3 
Percentage of tote! condemte patente & \cudkern RAD aad SAE cdacateonal acter ttees have long 
three ubity lasses heen s wgrefacant partofthe | S RAD caterpre RAD sem 
—_— omg DR unrverters arad codigges  propected! to roach $2) 8 Bel 
: men 1 ooo for an ceed |S percent of wes! 
+s ns A tem? Heehiryg corey “wher comme £4 cater! RAD ovperbture. The academa ctw ah Coens 
é ine A Od, TERN compEEeers chee 5° te te the wengke large performer of fase cowcarch accwasteng 
a = 6 wy Cas< tow an owtenuted $2 percent of muateomsl Rasa rowcarch cxporeh 


tutes Tike Del of ferme for acai RAD pron hod Ps thx 


boders! (necrament (6) peroent m 19") the wooed lege 
fumafemg wea om Rogier cua sateen eetituteoen thommetics |) 4 
peroont) State and bacal ge crnemeents Comtrade § poroent of thx 
weal arf wxkewtr, ara! af! other wacom: Commend acoamt for 
eet © percent cach Phe bedi of fouderal faendng in pees hod 
three apemcws the Natoeal iestetutes of Health «ath 6” percent 
the Natewnal Scecrac Poesmdatece eth |S mercer auf tie De 
purtracet of Defence «ath 10) pero 

i xtemenve fecal mirastructurc ciumt: mm aapert of ace 
dem RAD) About 8! | befleoe om cupendetures for Construct 
mg ae cowwr* halite: were planned for 1945-9" shong 
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Sages sepres Cypmeny eeeeEs - UES rowcarch space has meorcawd Ph 5) percent to |) muller 
met assegmaiic square fort Ncw COnMiTctAOm Proge”ts emt: 
sted hetecen |9RH ancl 19S whhech well coffer replace curt 
mg of ack mew sce are cyper ted te produce over 62 miller 
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square fect of rescarch space Dy the time they are Compicted 
in [en deterred Constinactron of rem ahon progerts totaled 
89 } Dbelhon. of whch $7 4 Delon was carne om apprmed 
contraction plan The maps factlitecs Sanding sources arc 
state pos crmments (18 percent) and the mtitutioes thommctvcs 
(2) percent) b apendinaes for mewn * eguapeee were run- 
cong past bekow 6 percent of total 1995 RAD expenditures 
The map funder of roscarch oquepment romaes tic boders! 
‘nmermment ($8 peroent mm 1995S) In 1948. academe mstety- 
tom cated '7 percent of thew roscarch laboratory space as 
wuitaitic for the most wecntefacalhy competite rowcarch. 44 
PeTOORt as poss) nooding some ropar of rome ateon but cf- 
fective for mont levels of rescarch. and 19 percent as nooding 
map fopaer fom ahon of replacement (herall, >> percent 
of mane foscarch itruments were pudged to De state of the 
ant amether 6) percent as adioguate foe revcarcthet moods. and 
¥ perooent as madoguate 

\tout half of the nation + doctoral WEE rowcarch work force 
ea bexated m academe mttaer roughly 153.500 m 
19S enchading postdectorates The sumier of academe dex - 
toeal weemitests and cngemects reporting rescarch as thew pr- 
many aork ropomuthity Comtimacd to grow. rcacheng 83 00D 
m (94S Much of the growth. espocwily ance the mad 198th. 
scurted outed the tradtaonal coxcarch ann eretecs. the num. 
hey of ometrtetaare on the segment with federal RAD suppert 
reached 654 m 1995 up from 135 m 197S In the cour of 
thee work acaderma tevcarchers arc supported hy. and beip 
tran. about | 4000) foll-cme MAL graduate students for 
about VON of them a rescarch awetantvhep was ther most 
umportant means of support m 1995 The Federal Cawern- 
ment os the pomary source of support for shout half of thew 
vtudents In fact RAs have grown m omportance The propor: 
bow of graduate students «th rowcarch awestantvheps as thew 
peomar, moans of sappert morcased from 22) te 27 percent 
hetecen (98) and 1945 | Larger percentage of graduate stu- 
dents om the plysnal sremoes. the em ronmental rences. 
ard cngumecting ref om RAs as thew proman mechanewn of 
~uppert than de studcat on other decouples 

\cadema rowurchers produced 7! percent of all LS - 
authored screntifx and techmecal attaches m an international 
core set of peet-tevewed natural arene and engemcenng pour. 
nals mmchaded on the lestrtute for Screntifn Information + 
Sconce ( rtaten Indes. and 2) percent of the world output 
puliieshed om these pournals (The total |S arteche share m 
1945 was }) percent ) Academa scecntests and engimecrs m- 
cteaungh collaborate with colleagues chewherce om | 90% 
ncarh a quarter of al! academe articles mmolved onc of morc 
authors from another (So employment sector 

Acadderma roscarch though predomeanth Rasa ms uncrees 
igh commected with potential practical apphcatom More 
than | SN) patents were awarded to academe emstrtutsom im 
199% whech represented ower | percent of all LS patent grants 
om that vear \cadema patents were concentrated mm a wnalict 
st of apphcaton arcas than patents of other seardecs «ith 
segnef icant strengths on the bnfe screnoes, plwwecs. and chem. 
etry in fact. more than a quarter of all academnx patents fel! 
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mmo ons three application arcas with presumed Deomedaca! 
trek ame Income from patenting and lcctmwng agreements 
continued to grow and reached $294 mullson m 1995 And the 
number of caiman to scrcntifx and tochmcal artechks on 
patent applicators. whch ha men Mtronghy m recent years. 
cvcoeded 47.000 m 198) roughly 26.080 of whech were to 
anadema articles 

The uxrcaungh global asture of the wocntits and cng 
meeTINg cnterprne ms reflected in an ubequitow. metcac m 
the aummiter of artactes that havc authors from more than onc 
country Roughly halt of the 439 00D artches putinhed wortd- 
wade im the SCT pournal st referred t carter had authors 
from multpic institution. and acarthy 4) percent of thew 
mult)-suthor paper omolved micrnatonal collaborate Two 
complementary trends characternze the | So posson for al- 
Mont cry nation with trong intcrnatronal Coguthorwhep bcs. 
the number of papers mmol ing CS rescarchers rose strongh 
over the past decade and a half But durmng thes pero many 
nator broadened the reach of thew micrnatonal collahora- 
tom. leading to a gradual dummutan of the |S share of 
arches amoling mtcrnatonal collaborations 

( atoms to «sentefic and tochnscal articles offer an wdb- 
caboe of the percened unity of the rowults of previous work 
wn sulwogucnt rewarch In a green country's itersture. cita- 
bom to bacal work tend to figure promenenth and havc low 
of ate lag than crtatiom to work pulinhed abroad But 
LS authors tend to he crted by scecntests mm virtually all ma- 
ture sceentifikc nates om cucess of the LS workd share of 
attches mm chemetry. pissy Deomedscal research. and clem- 
cal medbome. US artiches im the remanneng ficids tend to be 
cited at of slightly below the |S share But no other country 
cites the domestx bteraturc as eas ihy as the | nsted States 
67 percent wm 1995) = probably reflecting. at leat m part, the 
sheet wake of the nathhon + scocntfac and techmscal enterprne 


Assoctation of Lanersity Technology Managers Inc 
(AL TM) 1996 AL TM L oomung Survey. Fecal Your 199! - 


Pocal Year 199s 

Blumenthal DN Cawwne. f Campiell. and Ko Seashore 
Lown [9 Relatonstups Heteoen Academn institu. 
thom and Industry m the Life Screemces «= An Industry Sur- 
vey” New Emetamd Jorma! of Medscoume 144 No 6 Won 
7) Quoted = WM Cohen R Plone | Ramdarzew. 
and | Walsh. “lndwstry and the Academy | neasy Part- 
ners on the ( aane of Tochmotogecal Advance nm Rager Noll. 
od (Challenge t the Rewurch | arverun Washengtosn DC 
Bronk ings Invetuton 1998 Forthoomg 

Camptell, £.G. 1S. Wernwnan. and D Blumenthal 1" 
“Relabonsdtup Hetecen Marict ( cenpetition and the (Ac 
tries and Atitades of Medical Schoo! Faculty ” Awrne/ 
of the Ameren an Nede: al Avvo mateom 27R No Vi duly 16) 

( arnegre Foundation for the Advancement of Teaching 1994 
4 Classifxanoe of lasntmnons of Hogker | ducation 
Princeton 


“4 


(lewmen, WJ and A Crore. It 1994 Nosemce the Natoma! 
interest Wastungion. DC LS Office of Sconce and Toch- 
mehogy Poles 

Cohen, WM_R Plormda. and KR Gace 1904 “L niversty-in- 
dustry Research ( emer m the | ated States © Repert to 
the bard howndation Munoo ( armogec Metian U nnversaty 
Queced m WM Cohen R Phonda | Randazzesc, and ! 
Walsh. “leduwtry and the Academy (| ncasy Partners m 
the ( suse of lochnetoagecal Advance.” om Rager Noll, od 
( hallow to the Research Canwerun Wastungion, D6 
Brookings lasttubon 198 borthoomung 

(oben WM_R Plomda. | Randazzew. and] Walsh 199% 
Imdestry and the Acaderm | neasy Partners on the ( aus 
of Technological Advance ~ in Roger Noll, od. Challenge 
to the Research (awerun Wastungion, DC Brookings 
imtrtuben borthcomeg 

(Colm |. A Rapepert. and A Tupek 1906. “The Govern. 
mont Performance and Rew/ts Act (GPRA) Challenge ~ 
ln Pree codon: of the 1900 damual Research ( onterence 
ated Te anoiog, bi hang Washington Dt LS Burcee 
of the ( creas 

( ommmettee on Scrence. Engmnecring. and Public Policy 
(COSEPLUP) 1995 Rewhaping the Graduate Education 
ot Scot aad Legencers Washington, DC Natonal 
Nc aderm Prow 

(regger, Rand! Feller 199% ~The Dispemean of Academic 
Reoscarch onthe }980N  Aewrnal of Higher Educ ation 6h. 
No 

Hondersan, RA faffc and M Tranenberg 1995 ( avers. 
ee a @ Sewrtce of C ommmercal Techneldagy 4 Detailed 
finale of Lamerun Patcnnag (965.48 NBER Wart- 
omg Paper No “G68 Cambridge. MA National Burcau of 
lt conemme Research. bnc 

jones, RP and Sandersan SC 1906 “Climcal Revenucs 
\ sed to Suppert the Academu Missson of Medical 
School” foadeem Medicwae 7! 

Mangan. KS 199° “To Protect Teacheng Hoxpetals. Some 
L qreeretees Start HMIO)\ ” The Chromcte of Higher Edu- 
atom buly 3 Ads 

Mansficki § 199! ~Acadermsx Research and Industral in- 
nowation Research Pdicy DO 1-12 

Morgan, RP. ct al 1993) “Emgincering Research m LS 
L ererewtics How Emgenoering Faculty View ht” Paper 
presented at IEEE -ASEE Fronpers m Education ( onfer- 
ence Quoted m9 WM Cohen, BR Plonda lL Randarrew. 
and | Walsh “Industry and the Academy Uncasy Par. 
ners an the Cause of Toctnobogcal Advance on Rager Noll, 
od Challenge to the Resear’ U arveran Wastangion, DC 
Hrowkings Imettuten 199% forthoomimng 

1994 “Engincermng Rewarch m US UL niwersitics 
How ( anensty Based Rescarch Directors See it” Paper 
presemed at ASEE Annual Conference Quod m WM 
Cohen. R Plonda | Randarrew. and | Walch. “indus- 
try and the Acadermy Uneasy Partners om the Cause of 


Technological Advance. m Rager Noll, od. ( hellenge 
to the Research Univerun Wastungion, DU Brookings 


Invitutbon 1 9V8  barthoomng 
Mow § AJ Mazrawtn, R) Lewm. DA. Blake, and PI 


Cermet 1997 “Relahonsiups Hetwoen Natonal lnvtitutcs 
of Health Research Awards to |S) Modical Schools and 
Managed ( are Market Ponctranan  Acernal of the Amer. 
oan Medical Assxsation 27%, No 3 uly 16) 
Nanna. ?. K. Hamuiton. and D Olwastro 1997 “The increas 
ing | mkage Betwoen |S Technolgy and Publix Scucnce © 
Research Policy 26. No. 3 (Deocomiber), 317.0 
National Research ( ounce (NRO) 199! Ending Mandatory 
Renrement tor Temured bacult’ Wastangion, DC Nabonal 
Acaderm Prow 
Natonal Scrence and Tochnolagy Counce (NSTC) Com- 
mutters on Fundamental Science 1996) disessemg / umde- 
mental Scsence Wastungton. DC b xccutive Office of the 
Prowdent 
Naponal Sconce Board (NSB) 1993 Scxece & Lagmmeer- 
ing Indicators 1993 NSB O31 Washington, DC LS 
Coverament Printing Office 
1996 Report From the Task Force on Graduate and 
Peatdectoral Lidducaton NSBGE-%-) Artingion. VA 
Natonal Scscnce bhoundation 
Nanonal Science | cundstian (NSE) Scence Resources Stud- 
1 Deveson 199 ka semen Reserve for Scene and Teck 
nology The dean Reon NSE 93.303 Washangion, D6 
1993b Survey of Academa Research lnviruments 
and Instrumentation Ncods Avalahic from http awe 
maf gon she ors onetime start him 
199S— due’ New High Teck Competitor: “SE 9S. 
MW Arlington. VA 
1999S) Crrnde to VSI Sonemce Eagncering Rowse 
Data NSF 9S.318 Artingtion. VA 
19S NSP Serwes fermen: | eed on Collecting 
Scsence and Engineering Resources Data NSE 9S.317 
Artington VA 
190t— foademn Rewarch lnvrrwments Lipendi- 
tures 1903. Newds 1904 SSE 96-124 Ariingion. VA 
1996b Natoma! Portern of RAD Resomres | 906 
NS? 9.333 Aringtion VA 1985 
19tc Sosewtitic and Engineering Research Fact 
tees at Universities and Colleges 1996 NSE %&-326 
Artengion. VA 
196d Graduate Education and Postdoctoral 
Training in the Mathematical and Phvsincal Scrences 
Work shap ropert sponsored ty the Directorate for Math- 
ematical and Phywcal Scrences. June 5-6. 1995 NSF 
%%-21 Arlington. VA 
197_ Characters of Dactoral Scoonnets and 
Engineers on the | mted States 1909S Detasiod Statrencal 
Tales NSF 97.333 Artimgton. VA 


Sconce 6 fngmeeng mocates | oe 


ive") “Total Mack of Acadomn Rewarch Inctre- 
ments Taps $6 Hilhan wm 199) Data Binet NSP 9°. ae 
Arlongtern. SA 

17° Feder! bwads fr Reson’ aad Dewelap 
mont discal bears 190) (906 end /9¥"” Detaled Stan 
wal Tables Vel 48 NSE 97.327 Artington VA 

1WRy kee Som aed Lageewnag (reds 
ast bandiment and Suppert fall 1905 Arimgeon, VA 
bowth: comsng 

1WORh fade Seo. ood Lageeeering AAD 
hipenditeres Pescal lea (90° Detaled Statetwcal Tales 
\rhington VA horthoomg 

WOR (harm tormetas of Some aad Lagueeering 
inctrementaton on jade Sette, (004 Attngron VA 
hort omeng 

PVR feuerel geet te lanerume ( alleges 
and Noapeete insets bis al tee 100" Detaled Sa- 
testecal Takes Ariengtan \A borthoomeg 


Raghuram. \. and Madhay: ) 1906 “Indias Dockmung 


Rankeng” Sater SR) (CO ketoher 17) 472 


Rahn 2D 1994 “1 ereorety-b om | onkages for industrial In- 


nnaton Paper prownted at the CP RP AAAS ( anfer- 
ome on | avery (soak inetetwteenal Mochanmemns and 
the Industrial Tramsicratelty of Rowcarnch (uated in WM 
(oben. @ theresa | Reedarrew. and) Walch, “lndastrs 


and the Acaderm Uncasy Partners m the ( suse of Took- 
aciagical Advance” m Rager Noll. od. ( halleege to the 
Rewarh ( aiveron Wastungion DC Bronkungs lestte- 


tren 1998 borthoomung 
1995 “Lanweraty-firm Linkages for Industral In- 


on ateen  bonal ropert te the Natonal Scremoe bussnda- 
won, Grant No SHR-9MISS9! Quoted nm WM Coben, 
KR therda | Randazrew. and) Walsh. “Industry and the 
Academm | ncasy Partners on the ( suse of Tochnolagscal 
Advance.” wm Roger Noll, od. Challenge to the Research 
(arena Wasturgion DC Brookings lnumtutan, | 998 
1 orthoomang 


Trafford A 1997 “Who Will Fund Research” The Mawkomg- 


tom Post, July 1* Health Socnen 


LS Groneral Accounting Office (GAD) 19978 The Gowern- 


soe! Portermam « and Rewdlts dor 108" Goweramente ude 
lmpicmentation Will Be Caeven GAO GGD-97.108 
Washington [0 

IW) Mewuwering Performan: \Verongth and | sm 
tates of Research Indx ators GNORCED-9°-91) Wash- 
ington 1 


( S Patent and Trademark Office 1906 Fechmadeggy dasees- 


cnt and bor ast Repart (SN ( anvenunes and C alleges 
(000-95 Wastengton Dt 


ob / 


Heghgitts 6-) <6} 
introduction bd A 
Chapter Hack ground 64 265 
( haptcr Organizatron 64 265 
US Technotogy in the Marketplace 64 . 265 
Comparing \atomal bfhorts at Techmodagy borcught bh Aw) 
The Importance of High- Technobagy Industries hh ag) 
Hoge Tet ladacines ( omtime to Vor Haygher Valw Added 

Than Mier Vamubax turin: Industries O58 .. Ay 
Share of World Markets 4. Ase 
Ghobal C ompetineness of Ind sdua! Industnes +09 sy 
baports tr Hegh- Tech Industnes +10 By 
( conpetetan on the Home Martct ®12 ges 
LS Trade Balance 12. 2/3 
\ S Rowaltecs and foes Generated from letclicctual Property 4. ae 
internabonal Trends wn: industnal R&D 616 - 4/7 
(bvorall T remds &16.. #7 
RAD Performance by Industry +16. 2/7 
Patented inventions ik - AF 
US Patenteng -it. « 
Patents (rramed to |S lawentors ik ayy 
lop Patcntmg ( orporatioms &19 . 227 
Patcnts (rranted to horergn brvemiors 6-19 . A» 
Private (se of Prublec So temce 6-20 - dg) 
Tectmecal bockds Favored by borergn lmventorn 621 . 2 
Patenting ( butwade the | nsted States 622 .. 223 
imermatwma!l Patenting Trends for Three important Tochnotagecs 6-2) aay 
Iatcrmatvomal Patent bameilees as a Basis fer ( cmparivom &23 aay 
Venture Capital and High. Technology Entorprise 6M). Ady 
( S Venture ( apetal industry MM . 23; 
Venture ( apetal ( ommutments and Dreburecments &31 _ ga, 
Venture ( apetal lmcstiments by Stage of b mancing @31. 23) 
turope s Vonturc ( apeta! Industry 6-32 _ a3y 
New High-Tech Exporters o ay 
Nanonal Onecntation &M .. 235 
Sanoconams Infrastructurc M25 
Technotagecal Infrastructarc 35 aly 
Productive ( apactty o> % ax 
Summary Assessment of US Technologecal Competitiveness 6 _ 237 
Reterences 6% _ 237 


eee Gage 6 ebatyy, etaatagy, a8 Conpetnranans © Go Matas 


Highlights 


hutemmanona Ecosoemc Cosspasmsons 


@ The |S concen comtinecs te rank as the wortd’s lerg- 
oot. aed \mcrk an. (ontimer to capes oe of the wortd's 
higher Mandards of triage. | apen s QoomoeT & as tow Chan 
1§ percent of the |S comneny on | OM) and traded several 
turapesn comes By 1970. « had grown to de the 
world 5 cond Larges! coomenmn. and on 199 Japan had a 
crows domesix product (CDP) almost tesce that of Crer- 
many and ogual to nearly 40 percent of 1S GDP 


® ( emparness of gracral levet of leber predectivity. 
meavertd th (.DP per cmploved perven. again show 
that other parts of the wertd are quackh chosing 10 on 
the US. lead position. boo over 40 years labor pradectr - 
oty growth un the | antod States generally trasked that im 
other countnes In 1960.0 5S GDP per cmployed person 
eas Mere that cakulsted for mow | uropean ashons and 
four tomes that calowkated for Japan Ax of 1995. the gap 
has choued wgeficanth «th labor prodectr ty rates mm 
mam | urapcen nathan mearh oqual to that acheeved m 
the | ated Mates Praductn ity growth on Japan appears to 
have towed down samme ence the carh | OOD 


U.S. Teceem.ocy » me Mannerecace 


@ Ihe ! asted States comtiners to be the trading producer 
of begh tech predects. revpesutte: tor shout one-third 
of the wortd’s predection Whi ot) marge of leader. 
stop narrowed durmng the | 480) when Japan ragedh cn- 
hanced its stature on tagh-toch fickds by 1995 1S hagh- 
tech omdustrcs rogauned eorkd market share low during 
the prevrows decade 


@ fhe market competincers of mdnidesi lt S hegh-tech 
redustnes vere sithoegh sack of the radettrir mare 
tataed strong +f mot commanding market positions 
ever the |Svear perted cxsminrd. | broc of the four wy 
once Nasod industinecs that farm the iagh-tech group (com. 
peter. pharma cuth ah and COMmunk ateoes cQuupmncnt } 
gauned market share m the (990) The aercraft industry 
was the anh |S hagh-toch undustry to bose market chare 
from 1980 w 199s 


@ |S trade im techmeteg, products accounts for s much 
terger share of |S. caperts ther | S. ieuperts: # there- 
fore makes a positine comtribution te the |S overall 
bataece of trade. \ fcr evcra! yours im whch the serples 
generated by trade on techmodagy products dechmed pre 
lumenary data for | V8 whow a larger wurpias Chan om | 99S 
Betecen 1990 and 1995. the US wade curples mm woh- 
ware technotag, dowtted [During that samme penod trade 
mm actowpace tocheckagae Cometenth produced large 
ales! Gechimang trade surpluscs for the | ated States 


@ The tasted States 1 oho 2 ert ciperter of iecheotagy 


cal heew -bow sold as inteliectusl property Kin airs 
and toes rocened from foreign firm have heen, on aver: 
age three tees thow pasd owt to foreigner by) |S firms 
for access to thee tochmobags |S rooeupts from hoomang 
of techmotagecal knoe -hoe to foreugnern crce ded $) | 
talon om 1995. up from $} 0 telleon om 1994 Japan ms the 
large comumer of | S techmolagy sodd as untciioctual 
property Sowth Korea nm the sccond largest Customer 


ievenmanona Trenns om iepustma R&D 
@ lbevpete 2 two dev ade Gretene sa tty emterRatoonal share 


of adeviriel reveerct sad ée-ctepmerat (RAD). the 
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@ Several rset cc ceemer: seem breded toward fetere 
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tochmotogy -retated frekds and ther Competitrencss ip 
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Chapter Background 


A matron + competitiveness often pedged by its 
abelety to peedduce goods that fond demand om the mtcrna- 
tana martctpla > whic wmultanceunh mamtanung if aot 
umproeng the standard of Ing of a couzems (O8CD 
|e) Sceonce and cngencermg (SAF). and the tochaotog:- 
cal developments that cmerge fram MAE actrees. cnatic 
hogh «age mates luke the | nested States te Compote ahony- 
vide low-wage Countres om todays mercasingly global 
marketmace Although the | S coomemny comtmacs to rank 
athe worlds Llangest aad Amencam comtemuc to cmp onc 
of the wortd s haghcr standards of ining. mam other parts of 
the world arc choseng the gap (Soc figure 6! and appends 
tables & 1. & 2, and & 3) 

hes . thagtict haghdoghts tie umaguc robe plaved Ph unduetry 
sition the axons «acmoe and tochaolags (SAT) crterpre 
» ¢ develo. uses. and Sommercuhszes vestments im SAT 
mad h mduetr) a adem. and govcrmmen Wathen the chap- 
tet onde ater of procs adewtefy tromds that pros ade moasure- 
ments of sadwetry \ part om the naan’ SAT cmterpene and 
ahore ct peste place | S act uty and tamdeng on the more 
“ron fused endawines on a ghodal comic 


Chapter Organization 


Thee Chapecr hogens auth a revece of the market compen. 
treme. of adustnecs that toh hear on rewcarch and devel. 
opment (RAD) these are often referred to as hagh-technoiogy 
oxfesines The ongewtamce of hegh-tech enduatines mn lnked 
to thew begh RAD wreedeng and performance whach produce 
nA atecwes that apell over mmto other coomemma sector. add. 
bomalhy these onduetines help traen mew scocmtrets crgenecr. 
and other techmcal pereannc! (nce Naden 1993 and Tyeon 
1942) The mari.ct compotstinvonces of a natan + tochnodagecal 
adam a cmheahed im ace products and processes awe, 
mod with these exduetnes. can also serve as an endboater of the 
eflectrreness of that country 6 SAT cnterperee The market- 
Macc pre ades 2 roivant coomemmx cohesion of 3 Commtry + 


wx of wceemoe and tochandagys 

| S begh-tech mdestry competitivences ms assceeed 
through 20 ciamematan of market share trends sorte nk 
whowe and om vance rogeam of the workd New daca on 
ron ates and foes generated fron | So omports and cuport 
of tochnotagecal know -how are used to gauge |S coeapet- 
Ineness when technotagecal know-how mn eokd oe romted as 


intangrtéc ( ntctiectual) progrerty 


be tees ages tag te * entire: are adeweet aed waemg BA 1) crnremmer. 
eh cuned & Ge Cpa tor cme ( ocqueramen amd Decip 
euree Ther te camgke pecterte, cme tor adiremty ung tag at 
ete otderwtrars hw adhere’ a steer 6 Gee oder: .cemadrred i 
tag® on. hae pomerath) cote of 6. wh wham commen B41) carmen. 
CAL) emer, tare he pe eth eee Grier comma mde 
©) BAD copenteere and cumtiker of wc ten a people copdewed  « 
Re CRYPT. Ae Pete eae to emigre. eter adhd of to Ow wots « her 
od 0. Superman. 
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The chapter caphowes scveral icadeng indxcators of toch- 
nology devclapment (|) ssa am clamunation of Changing 
omphascs 19 induvtnal RAD) among the major indutinalized 
countnes and (>) through an cutcmsnc analy of patenting 
tromds Now information on imtcrnatonal patenting trends of 
{ S foreegn emeniors um svcral umportant tochnokagecs re 
peocatod 

The chapter 2h prowents imformaian on treads om von- 
ture Capeta! dnburscments Venture capital i an omportant 
source of funds used on the formatan and cupamece of wall 
hogh-tech compamecs Thr sxctom cusmemes venture capetal 
devburvemonts hy age of fomanceng and by technolags arce 
om the | euted Mates and m borope 

The chapter com hades « sth a peoucttaton of loadung end 
caters that arc deosagned to sdentify thow devcloping and 
trareataoweng Coumtncs «th the potential to houoenc oer eng. 
tant oypewtors of hegh>-toctanakogy prowkacts ower the acu |S vor 


U.S. Technology in the Marketplace 


Most Commtines om the workd achnos lodge 2 syimbeotac re- 
latpomstep hetecce astonal umestments in SAT and Com. 
petstrveness im the marketplace «rem aad technolagy 
wap pert bones COMTI cnc. om nnternateonal trade amd 
commercial sacoces on the global martctplacc proides the 
resources nooded to support nce sconce and tochnakagy ( om- 
soquenth the health of the astiom 5 coamemm hocomes 3 per. 
lormancc measure for the nabonal on ciment in RAD and mn 
“sence and cngmecring (Sec “( oemparmng Natrona! t florts 
= Techmotagy foreseght | 

Thes sectean drecweecs 1S “compettinence” broadly 
def med here as the abelety of |S forms to sell prodacts m the 
imcrnateena! marketplace (A great deal of atenbon 6 grvon 
to wocmoc-fased mndustnes prodwcung products that cmb) 
abun c-average jovets of RAD m thee developement i hercafter 
referred to as hogh-te & omduntroes) The Ongammation for Foo 
nema ( o-operaten and Developement (O8CD) currenth 
sdiontnf nes four mndtustines as hegh-toch hased om thee hegh RAD 
er a i ae agp arpremateandre- mene seemed 


UMpertant to nator. 


@ Hogh-tech forms arc asercusted «th mmm ation | orem that 
mmm ate tend to gam market share. create ace proact 
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er See Gree o wenght mccmeiong te te eee @ Ge tone cea of Gr 10 
RT nang par hang powers Rater. a Cheng Toe bade! ne 
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hee od eng unger mare cs (ET) how aemumed Gur ter» pret ee of 
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6% 


martets andoe ux roweroes more predactneh (NRO 
1996 and Tawery 199%) 


@ Hogh-tech firms arc aeuxiated «ith high \ alec-added 
production and seccess om foreign martcts ehock belies 
to support hugher compensation to the workers they 
employ (Soe ~Hogh- Tech Indestrees ( ontinec to Show 
Higher Valuc Added Than (ther Manufacturing Indus 
res 


@ imdewrial PAD pertoemed mh hagh-tech edstrics teas othecr 
sulle effects Thee cffects benef other commercial 
soctors h% genecrateng mew products and procewecs that can 
often icad to peeductr ot) gacm Pesenees CUpemecens ated 
the createon of bagh-wage pots (Nader 199) Trane 1992. 
amd Marsfectd 1 OVI) 
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Comparing National Efforts at Technology Foresight 


Techaolagy forcsght m2 tocol used by many aetices 
on the SAT proority -sctteng process ft can be defined as 
a sytematac process for landing ute the future to sden- 
bf) omportant techmotagecs for the purpow of asdung im 
poin) formaton planneng and docrwoamaking Most 
of the natomal technology foresght cxercues conducted 
® recemt vears have emolved the admumestravon of a 
Deipte survey of the geacration of a int of crotecal tech- 
avogpes Whatevcr tie methodology used the fimdsngs 
of most of these cuercises have unchaded the sdennfica- 


hoe of umportant tocheotagecs and an asecwument of reie- 
LV ¢ Satvoma!l Poxsteon om tone tochmotagecs sdemtified as 


\onge.sse (20- to Mewar) future For developed by the 
RAND Corporation wm the 1950s. Delph: survey toch- 
oaqucs havc heer used for technolagy foreught purposes 
Japan emcee 197! and m Germany, France, and the 
| meted Kungdom over the past decade In the Deiphn pro 
COM. Many Cuperts recerne two of more rownds of sar- 
veys m whech they are asked to respond to a éctaed 
queshoenamrtc CoNcring different techmotogecal devctop- 
ments The toctmotagecal developments themecives arc 
mot comedered to be enkeremth empovtant. they are only 
the startong Poents om whch the serve) ns hased Respon- 
dents are asked to rate cach developenent on several mes- 
wares onc hwdeng degree of umportance for factors sach as 
wealth crestoe of qualsty of life and capected date of 
realraton Rewpondents are also asked to rate the reta- 
inc pomsteon of drfferent countnes om cach technotlogacal 
dco chopmenm. hased of 4 cortam critenon wach as level 
of RAD actrety Betecee servey rounds, the cuperts re- 
cone a summary of all rewpomecs to allow them to recon. 
wader ther asscesments om lght of those prov ded ty the 
neers 


The ret a! techmodage approach uvolves the gen- 
crahon of a lest of techmotagees deemed critecal for s 


countrys fwture Most lets sho provede assesements. 
hawcd of Cupert opamon of relate ashonal powtion m 
thee tochmotagees adewtrfred as critacal tn recent vears 


The importance of 
High - Technology industnes 


The ghetaal muartct toe hegh-torh gees rs gro omg at 2 fastct 
fate than That few off manetactercd geek sad coon 
atrity on hegh-toch adeetrcs me darn ong sateen! coon 
grow th sroemad The wewhd (er tie | S-wour pore cused 
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crvtecal technolognes ints have been developed wm the 
Uerted Sestes. Germany, and France The defisumon of 
crvtecal. the critena for determonmng critvcalsty. and the 
omer for making asscesments of natonal Posteo vary 
ty study Among the factors comudered in different stud- 
ses are the mmportance for ccomumx competitrvences. cf- 
fect om the cm sromment. relevance for natomal security 
and comimbutron to the qualrty of hfe Crtcal tectmolo- 
poe are somnetemes defied as those that arc gemerK oF 
“precompetitrve and that have the potential for apple a 
thom on many mdustnal sectors | ists of criacal technolo 
gees arc usually developed wing 2 me frame of shout 
10 years 

Actos these different types of national foreagit stad. 
1. there m wune agreement show! whech categorise arc 
useful for clacsfying mmportant future techmotagees The 
broad tectmotagecal categones Ccomadered mmportant io 
mont studes imchade teotechmotagy and hfe x ecmoes. cn. 
cy). c™ worment. tramsportanoa. miormatson amd com. 
muna atom matwfatunng procesc. management an! 
tenancws and matenahs 

Nations have devugnated different wabfrcids « then 
thes broad techmotogacal Catogones as enportant to them. 
thes Comptscates fur cr attempts at companng tic var. 
ow natronal tochmotagy asscsuments Some tochmotagecs 
however have been sdentified by several studers as um. 
portant. these include advanced ceramics. nanc- 
technology bocompatibic matenais suctcar «asic 
storage broadband commann atom. opocal techmotogy 
<atatven romew adic energy fist dnpian techamotagy som: 
comducton mtethgen transportabon system and wg. 
nal Preeceseng 

Besades sdemtify ing umportant technotogres and the 
categores under whech these can be claesfied most 
foresaght exercises also address the nsec of natronal 
Postion m umportant SAT ficids Scif-asscesments of 
relative posrtror are made at both the Category and in 
dry xbual technotagy levels However these assessments 
are difficelt to compare across countries becawsc they 
use different methadologees. cmtiena and meavares (See 
teat table 6-1) 


(PMR) Peg toch promkactaon grow at an onfisteoe. adpawted 
wetage amma! rate of ncarh © percent Compared « ath 2 ratc 
of 2 4 percent for other manutactored gownks * (hotel ovo 
ema act) eas cpecell) rome ot fic ond of the per 
(1995-95) when hegh-toch mndetry cutpet grew af over 5 
p<eroemt per veer) | qere than fence the rate of growth toe all 
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miustires (Soe Iogure © 2 and angen 
)( hate Mm ther foe hegh-toch eestrec< ‘Pere 
nprocw ned 
ot ghabal prewkacteoe of sf manutatercd goews 
7S the cempet represented |) peroem 

tere the | VSR the | meted States and oii fegh- ag 
OR ok Tomer) men od few c. tome ard far muna a 
tere of torte) -epteternve geenhs In 1989 1S hegh-toch 
manetaturc: roprowntied acarh |) percent of total lS pee 
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ca thoes of manetatarad cutpet ap from 10 4 percent mm | Oe 
Hagh-ach manetatercn sie a commted for growing ares 
of total prowka toon for | arogrcan matecerns fat thar tramestooe to 
megh tov hom f arege dure the SRR eas mont peoenenent om 
the | eeted Kengadeen 6 como Hegh-toch manufactures rep 
rowomted paw ¥ peroont of the | meted Kengwoen + total mame- 
tactereng catpet om 198) bet paenped to |) percent Ph 1 O89 
Tix Lanes Comers bod afl otfitcr mua emhetraiiored Comm 
TS oP ats COMO TIrataan on hegh-toch oaduetrics Ie | ORE) hagh- 
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High-Tech industries Continue to Show Higher Value Added 
Than Other Manutacturing industries 


Hy det meta. tee Comcept of manutacterng vahuc added 
works to mcaware the Comtnhateon of manufacturmg actr - 
ft) © 4 Gator s QOOROT (4s moasured Dy gross domes 
prowtect) (Soc Cooemwald and Assoxvates | 984 and Pearce 
19R)) Ar the foem level. the meceearemment nets out (re: 
mores) froer tke v ahee of the femal cutpat thee value of pur. 
chased mapets to (ie peokacton process Al tie aotonal 
covet the mcasarcment acts out forngn-supphed mputs 
from the value of the aston 's {mal owtpet therety deter- 
onang dommes Content of prodkaction foe an mndustry of 
set of eubustries 

New data from OFC D permet comparnon of doarestax 
content om hagh-tech omdustnes and afl otficr manufactur. 
ong oxdustrecs foe wveral coemtnes | wamematon of thow 
hata homes that Regh-tech axdastnes Comtex to moorpe- 
rate more Gomewta Comicon mm thew manufactunng opera- 
thom than Go offer manufactunng oadustrnes. thes trem 
homeveT ms Get Comestent for afl Comntnes mor soCeRMarty 
trec fot cack of the four bagh-toch enduntnes (1 ¢ . sercraft. 
comnmena atom. offic and computers drugs and mod 
comes) (See tout tate ©) ) hor exampie. showt 4) percent 
of the femal compet by US begh-toch exdastry om 1993 os 
amnnbuted to duenewax \abuc added Compared «ath }S per. 
cont all ettier |S manetdactunng dunes Mec differ. 
come @ \ahec adkbod as 2 proporer of final cutpat betecen 
thew TO sector, ses teach larger @ Corman, and mech 
coe om bagran . 

Wether cach commer) tremds for andreas! hogh-toch 
ondustrecs varved The |S drugs and moedscescs enduatry. 
st S® percent. had the taghew rate of vahec added among 
the four LS begh-tech eaduntrecs om 199) the computer 
off Rantearc oxtuetr whowed bower \ shee added im sts 
( S manufacturing operations | atoet 8 percent) than the 
average for all otieer manufacturing The reiatree vaber- 
whic t protche tow Janam s hegh-sect cmdhastnncs was cormetar 
to that of thee Uneted Sastes 

The ogra t of thee ghobal ccomomm mt ahve apparent from 
a CUammenatzon of these data In hegh-eage Commtnecs hhc 
the | meter! Sagar: ad Crcrmam doemewa Comment om mune 


hah manetactere:s acoented for steeet |) perce of total 
lapanes perxbecteem coer to |) poroeet om POR eed teen 
wmroel te |S | aeroent m 1684 


Thats foe the [OR here 2m cece conpfaaees om Regh 
tex? sce tert. armen fc map oebetriah red (oemtrcs 
(Soc fopere & 2) in 1995S Regh-toch oueefactares are oot 
mated te reopen | more of musmefacturmng camped im teh 
the | motes! States aed Japan 14 percent mm thee | ote Kang 
deen aed [0 percent cach mw brane and (hormam Teo other 
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facturing mdustrees fell betewen 197) and 199). while 
domevix comtent rove m lower wage Coumtnes wach as 
South Kores amd Spam (Soc appendan tate 64 | 
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Asean Cowmtrecs. ( hens aad South Korea. yeh how ompoee- 
tart RA D-mtemunc mmbawtrees func Rocoenc to the aca im. 
devinahred ccomomers In 198 hagh-tech manufactures 
xcvouted foe pew 4 percent of ( hema 's tote! manefacturmg 
=tpet. the properties pemped te |) 4 percent m 1989 and 
ther reacted |) S percent me 199% = ancwe than for France of 
(ecrmany In 1995S hegh-toch mamefacturmg mm South Korea 
accounts for seat the same percentage of tees! cutpat as mm 
hapan amd the | ated Mates (1S percent) 
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Share of World Markets 


Throughout the | 980. the | meted States was the boading 
peadkzcer of hagh-tech prowkacts. rewpomaitée for ower ome therd 
of total world prodecton from |'98) t 1956. and for show 
%) percent of world productnonm for the row of the docude 
What:  S wortd market share comtrewed to decieme men the 
carty 199th, the downward wend reversed m 197) The US 
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share of the wortd euarict for hrgh-tech manufacture grew 
ureguiarty after }9¥! By 1995S CS hagh-tech industnes had 
rogamned mach of thc muarict share bow uring the prev sows 
decade (See figure & 4 ) In 1975. prostuction by US hagh- 
tech madustry accommted for acarhy $2 percent of work! hagh- 
tech peodka tron 

Whale CS hagh-toch madustry strugghed to mamta mar- 
ket share during ttc 1 SRE che lapamew globe! market sharc 
wm hagh-tech mxbdustrrcs folhowed 2 path of stcady gam In 
19RV. japan accounted for 25 percent of the world’s produc - 
tron of hegh-toch prudiacts moning up 4 percentage pounts 
wre [98D Jaman comtemwcd to gam om the | avted States un- 
tel 199!) when. for the foe tome. « meewed paw the Uneted 
Vaates to become thc wortel + beading hagh-tech prodkacer Sence 
then however hagaen + cruarict share has dropped tcadshy fall. 
mg to emder 2) percent of world production m 1995 after 
accountng for more than 4) peroem four voars carher 

By comparnon. | urogean aatom share of world hgh. 
tech pradkaction © mach bower Gorman, produced shout § 
percent of workd hagh-tech producteom om | 980. umder 7 per- 
cont m 1989 aad nearly § percent once aga by 1995 Shares 
tor both bramce amd thee ( meted Kungdoen fluctuated hetecen 
4 amd § percent throsaghoew! the | S- veer pened cummed 

(Teme has rembe Chee cet dramatx gam werce 19). a)- 
though these gases were crea im spurts [uring the fire half 
of the 1980). ( Rema s cmarhtet share maned dow mward hover. 
ing around ) percent of wortd high-tech production By | 989. 
the Country » vaare Pend chowited After 2 ome-voar decline down 
to 2 9 percent on | 98D ( Reames tngh-toch peodkactoon mcroased 
ugrmikanth bt 1995. the couttry accounted for nearly 6 
pervent of eortd high-tech outpat 
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Giobai Competitiveness 
of individual industnes 


in cach of the tows aedstrecs that make up the hagh-toch 
group. the | ated States mugmttzencd Mtromg if mot boading 
onatict pemsteoms over the | S- veer pera crammed Yet com 
Petrtrve Prowures froem 2 grouse omg cairc of hegh tor h- peu 
my Gator contniwted to 2 deci m ghohal market share 
tow theese LS hagh-toch embastrees Gurung tec )VE aercraft 
cunputenrs amd COMA steams Cgueprcm Saac then teu 
of these mdustnes = coenpeters ard om partaculsr Comms. 
.ahom oguupment have covered thee dow mw ard trond amd 
garmeed market share m the [OR (Soe figure © S ) 

The © S anrcraft endustry. the aateon + strongest hegh-tech 
ondustry mm terme of work! quarict sarc. was the ome hegh 
tewh wxdestry to hose market sare om the 18 aed aga mm 
the (9h bor much of the 198 thee |S aercrefl ebewry 
wuppiend ahoet two thers of workd dermamd Wethen the 18> 
#5 moresl the |S ohare of the world aereraft market pooked 
wm 198 whron ot sappeesd on cr 6® peroent of wurtd demand © 
them how market share mearty every your seme By 1995 the 
LS stuare fad fallen to SS percent of the workd market (Sex 
topure O&O ) Wik baropeun arrcraft eadestres gamed mar 
ket share churing thes tome ( Remo oastrecs meade open wally 
lange game om global marict sharc bogenmeng mm 199) In | ORD 
( heme sapped atowt |} S percent of wowid ancraft shepenents 
ty 19S as shove had mcreased to mearty |) percen 

As prevwoash moted tee 1S Regh-toch endestrees bow 
omarkct share during the | OM oral then reverved that trom! 
Gurung the (14h By 1995 the 1 nited States was thee sueber 
ome suppler of competer cquspemcet mm the work’ and m a 
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market share. by county end high-tech 
1988 
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virtual tc woth Jagan for suet one om teri of workdiw ake 
shipments of COSTA athens. CQMEpcT 

OC} the fone hegt-toch omdustrecs ooh the |S pharmacy: 
teal industry caamaged to retaen ity number ome ranking 
throughout the | S-woar permed ft was she the omy LS hagh- 
tech mdestry tfust Ped o larger share of the global market m 
1995 than on 1 ORE) 

The | ted Sastes © comadioned a lange. open market Thow 
charatetwiages emefet lS hegh-tech producer m two om 
portant ways Fees supphveng 2 marict with mam domewta 
ComMETS Prom whos scale effects to lS peodcer om the form 
of potently Large rouards for the predation of mew abcess 
and mn atoms (Rome 19H) Sccomd the openness of the 
CS market te foreegn-cundke toctmotegnes prowures |S pre 
dacets to ke erentn: and to mec toward more raped mime 
vahon nm onder to mamten doermesta martct share 

The drecueseam of world euarhct cares cows that | S 
peodecers arc bowing sapptects of hegh toch prodkacts to the 
global mwrtct That calusteon moorporates |S sakes to do 
mevix as well as fowergn costoemers In the mew! sorte. thow 
two markets are ciated wparatch 


Exports by +egh- Tech industnes 


Wink ( S geeahacers ccaped mum benefits fromm having 
the workd + karypewt Powne mariet (as measured fy grons dommes 
tm prodkact =< 5D0P). mounteng trade deficits hane led com 
com atowt the aoed ft expand © S exports LS igh-toch 
mdvtne havc tradbtonaily Reon more waccewtel than other 
CS muestracs om ferergn markets ( cmsegucnth hagh-toch 
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mabe hase attracted .omaderatiec sfientaan from podacy 
twpkers “they sock ways & roturn ther | meted Saates & 2 more 
balanced tradk punsteon 


Foren Markets 

Diewpete ots dowmestx focus. the | nested States has born an 
mp tant wapgvecr of manufactured proskats in forcugn mar 
kets throughout the 1450-95 perend In fact. from 199) tw 
WS the LU neted States was the loading matron cxporter of 
munutatured gaxh accounting for betecen i]! and 125 
percent of workd exports LS hegh-toch mdusines have com 
tributed to the stromg cxpert performanmc of the nation + 
manulatunmg ondksstrncs 

Cher the same | S-ywear pereert { S hegh-tech mdustries 
a counted for Retecen 19 and 26 percent of world high-tech 
cuports af fmcs tence the lewe! achecved & all LS mune 
facturing mdustrees The powk was coached a 1980 andl S 
market share has talhen Laerty Comsetenth wre then In 190% 
the latewt woar for whech date are avariattc. cxuports fy LS 
hagh-tech omduntre accounted for 14 > percent of wortd hagh- 
tech experts. Japan was sccomd a counting for |! 9 percent 
followed Dy the U orted Aungdorn and Crormanmy. with ~ 2) per. 
cont and 6 9 percent. respectivels 

The drop mm lS share ower the | S-vear pened = m part 
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the rowalt of the cmerpence of hegh-teoch adusines m mew hy 
miuvtraiized jomomecn opecullh eithin Awa South ho 
ce ms ome example (See figure 67 ) In 1980. begh-tech m- 
dustnecs m South Korea accounted for about | 4 percent of 
wortd hagh-tech cxiports That market share doubled by | 48D 
The katest dats for 1995 show South Koreas share reaching 
4.) percent. ncarh tence the market shar: of high-tech cx- 
pets teckel Dy Italy that sare voar 


industry Compersons 

Throagitout the | S-wear peered medi heal |S hegh-toch 
umdustrecs cvtiher bed on caports of were sccond to the boadber om 
cach of the four mdustrics mchaded m the high-tech group 
omg Thee creost current deta. 1995. chow the United States as 
the export boader on theese madustrecs and sccord m pest one 
drugs and medumes (Sec figure 6-5 ) As noted m the prev. 
ow sexteon on global martct shares. the |S pharmaceutaca! 
imahastrs was the omhy (oS Ragh-tech onder, that Comstenth 
led the wortd in prodkacteon and that shew had a langer share of 
the workd market m 1995S than m 1980 Since globe! market 
shares mcorporste all stupments foreygnanddometx = the 
dustry § sacs to the © S market appear to be respomsiic 
for ots gasm om wortd market sharc 

Ie terms of export performance. |S industries producing 
arcraft, computer. and pharmaceutical all accounted for 
wnaller export shares m 1995 than m 1980 The communnce- 
hoes ogumpenent industry was the wote |S high-tech undustry 
te emprowe its share of work’ cxports over the permed By 


Figure 6-6. 
Exper’ market chave: 1088 
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comparmon. the share of world cxports beid hy Japan s com 
muna ator oguepmment umduetry dropped weadsly afecr | 48S 

eventually fallong to |S 2 percent by 1995 from a hagh of 16 5 
percent pat 10 woars cariecr In addition to gam m world cx. 
port stare Dy the | meted States and the | nated Kungdom. once 
agen th mew ty omkatratisrod Qoomuemacs of Asca demonstrated 
an abebty to peoshkace hegh-tech gown to wortd< law standard 
ami were rewarded with great waco in wihing to foregn 
markets In [44S South Korea sappled 6 8 percent of workd 
vommunacainon prodkact cyports. up from pat 2 7 percent m 
ive) ORer Asan mew cadetresized coomomecs have dem- 
ootrated wena Capetthtrc © Communa shor cqupment 


Competition in the Home Market 


\ owntry » hore market » often thought of as tie natural 
dovtrnateon for the poe and sory sce produced by domevia 
fom for ot sows tcams echading prowamety to the cur 
tome and Commmmen Language customs. and curtcm) mar: 
keteng at hore ms caer than marketing abroad 

Hut wth trade barners falling and the number of foreign 
terme atte to prowkace gow to world standard mung. prod- 
at org man only be one factor among many influcncing 
the Commumer s Chose Reteorn competing products Prec. 
quality amd prowkat pertormame offen hocume equally mm. 
motant determemants gusding product sclection Thus. in the 
abeerce of tradke Darmer Or mtemety of competetion fact 
m domestan prodkaccrs om thew homme market can approach 
amd om were mw thet) may even exceed the level of compe- 
trteom faced om forengnm markets FE xplanatioms for . S 
Cumpetbtincress om toregn markets may be lownd im the two 
dveamens of the |S market the ciuntence of tremendous 
domewtn demand toe the latew advanced techmolugy prod. 
ats amd the deyrec of wortd< law competion that Contine. 
al preowares COS endustry toward mao shoe aad dco ery 


National Demand for Megh. Tech Products 

Demand for hegh-tech prodkcts om the ( nited States far 
crweeds that om amy offer wngk country and m larger than 
the Comibened markets of the four Langes f uropean aston 
(Ceormany. the | ested Kingdom, France. and Italy) (See fig- 
wre & 9 ) The: was comeestentl the case for the entere | 98D. 
4S per’ Japan. too. has large domestx demand for 
hagh-tech prowkats amd was the sccond largew market for 
hogh-tech peedkects mm the workd «ts deweand was much cher 
m wre to that of the L mited States than to the new large 
bgt toch market Gorman 


Natrona! Producers Supptying the Home Market 
Throughout the 1980-95 perod the world’s largest 
mnativet for hagh-tock prodkacts. te | meted Sastes. was served pr 
eww th dommewta prodkacets vet demand ea mcrcaungh 
met 2 groweng summber of forergn supphers (Sec figure 
© 10) te 1995_ 0S prodscers supplied about 7) percent of the 
howe muariict for hegh-tech prodkacts () ¢  acToNpace Computers. 
OTP hors cguapment. and pharmaccutcahs) however 
1980 LS peowhacers ohare was much hegher nearh 9) percent 
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(hher countries have cxperenced semelar mmcreased 
forergn competatron m thew domevixn markets The m owe: 
ceally ruc mm Europe A more coonomically unefed European 
emathet “as hunt the effect of making burape an cven more 
attractive newact to the rewt of the world Rapedhy rseng um. 
Port penctration ratios in the four lange f wrogean nations dur 
omg the latter part of the | 480) and throughout the fer hall of 
the 198th reflect these changing Crcumstames Thow data 
abe beghlght greater trade acter ity in European hagh-tech 
market when Compared «ith prockat martcts for low tech. 
moog mien < manuf turcy 

The Japanese home market the «cond largest national 
mmaricct for hegh-tech prodkats and historn ally the most scif- 
reteant of the major industnalized Countnes. abo om rcavcd 
its purchases of foreign techmologees over the | Swear penod 
alert show ty in 1980 emports of heeb-toch manutactures sup 
pieced bow than 4 percent of Japanc< domesta COnsampton, 
resem to $6 percent m 1989. and then to | | percent by 1995 


U.S. Trade Baiance 


The |S. Bureae of the ( cnsus has developed 2 clawefica- 
team sytem for cxports and umports of products that crfund 
neve of loading -cuge tochnotagees They claws f cation system 
allows trade to be cuamened m | 0 major technology arcas 
that have led to many lcading-cdge prodkacts These | 0 ad- 


vanced technotogy area arc 

@ beotechnetegs Oc meUR a a ndewtne! appa ator ot 
advanced genetn research toward the createon of new 
drugs. hormones and other therapeuta dems for hoth 
agrs ultural and human ues 


@ life science technologies appl ation of wrentiin 
advances (other than brolagecal) te medical scremee (for 


Saence 4 ingewernyg rxtcators | OR 


e613 


mmc. modsal tochnolag, advances wah as gucicar 
namo (aging ot acanhagrapin. and nove! Chomrs 
sac! wrth mew proden tec tax hnegucs tie the manu 
we of drugs. Nave lod © @ew prodects that allow for 
ete «4 cTradkcatum of drecasc ! 

@ apte-clectremics dc. chopment of cloctrama products and 
“neem. that omeolhec cmresan of detectaan of logent 
m hadeng tical scanners. antecal drek plavers. water octis 

Wktoscneetivc scm oanductam amd lascr preticrs 
@ computers and tclecommunications do. chopmen! o! 
wie ts ae! frees im Caving Murti of mpformateen 
Pant peruads of tome. onchedeng fax machines 
cpham s“riheng apparatus fade apparatus ccmnene 
. eMTepsicrs 


movrurtecya! wrets each as Geek drives. cempirard wrest 


.atroms satciiics. COOMiTal Proce <sng units 


Th Se TT? afm) \ wTysticr wiltw atx 


© clectremios —devchapment of clectrank Companents (1 
CoM cqer-COCO TUM COMTEP RRC TES bt hemborng mocgratod « t 

* MWeeltriaver prented cercwrtt feerds. and surlace 
hod Compencnts each as Canacrtars and resetors, that 
~wit en manor 


od pertermamc and capac and om marr 
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am Cha cd 7< 


@ computcr-integrated manulacturing Goo chqmen! 

wookats for ondustnal autoernatian. mmc hadeng rows. nurmcn 
cntrotiod rrachene tach and automated gusded +x 

tac hes that allow for greater floxrbelsty on the manufacturing 
process ard roducc the amount of human inticrveritran 

@ matcrial design ics chapmen: of maternal, mnchudeng 
<THoomductot matcnals, optecal fier calic. and .adoo 
disks. that cohance application of other advanced 


tor gees 
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@ acrespace§ des clapment of technologies. such a» most 
new mulitary amd onl werplancs. bchoopiers. and space 
craft (with the crcoptren of communications satcliics) 
turboyct aercraft cngemes. flight samulators. and auto- 
Main Plats 


@ wcapeas§ ics clopment of technologies e ith militar, 
applinatons mcluding guided missiles. bombs tome 
docs. munes. tuewle and rocket launchers. and some 
firearms. and 


@ aucicar technoteg, dey clopmen! of ma tcar produ 
hen apparatus. wncluding sucicar roactors and parts 
motepn separation oquipment. and tuc! cartridges 
inuchcar medical apparatus «included im hife scrence 
rather than thes category } 


To be cluded mm a catopery. a product must comtam a ug 
mifscant amount of anc of the lcading-cige tochnokgnes and 
the tochnokgn must socom! for a agmficamt portion of the 
prdects valoc Bocewer the characteriatecs of products 
pewtod ty the | meted States arc lich to differ from the prod 
ats & ots capert © ahastod cuperts and emports «cparatch 


The Importance of Advanced Technology Product 
Trade to Overall U.S. Trade 

LS trade on advanced tochnolagy products accounted bor 

> tw 20 percent of all LS trade (experts ples emports) m 

mercharmdne betecen 1940) and 1996 (Soc tout table 6.) | 

Towel | S trade crceeded $! 4 treilsan om 1666. S285 helhean 


Thee ads amd Se. fem wher. peronden! ss eter of trad Gets Gre weed ber 
pikes bow » rag). dwaggropetcd tow weed (1. atreengte @ oof dey Meme ng ee 
wewdere’ of traded poems Peter the rpm of cetwen tone . igeeif a a 
ron oft pedgemcet: offered goer ernment coperts ate voengs rath 
ro sce & caternal caperts 
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moved trade on advanced toachmolagy prowucts Trade om ad 
\etmaocdd tox bere: sheng’ prondan ts mous for a mach latpet share 
of LS caperts than of eaperts (2S percent vores acarly 16 
perv orton | 486) ad makes a persstnvc Comstrvieatsan to the oer 
ali balance of trade Affe sovetal voars om whch the surplus 
goretatcd \ trade on adv anced tochnodags products decimod 
mrclomemars data for | V8 whem a target ~urtius than m iw 
“oe Tigers & amd teal Latic ©. ) 


Technologees Generating a Trade Surptus 


Hetworn (Wt ad 1499S thee | S Gade eapus mm eoftuare 
tamed dowthed and trade on Computct mograted manta 
tuting Wheekgmes = Gho axed bo autornatc tac mamta tuning 
pone ated a watic warptus Dering thes samme pone 
(rake © acrowace fa timckages Cometonth prodkecod lane. a! 
hort hea bememg. Grad surplewes for the l aged State § Acrowpace 
kA hokage. pororsted a act enflow of S26 Delle om | OU and 
shevecrst SM) Peedi. o- 199) aud 199) tee lS cade earples mm 
scrongmac’ tolhmokages: thon dowimead !4 porocmt an 1995. 9 nor 
cmt 14 aed | 4 percent 19S Wink |S acrownace comp 
ates Contemar to hoad the workd en asroraft prodkactsom and ght 
tupenents burns scrspace oder, now challenges 1 S 
OPTRA procrmemonos hath at hare and om forcagn markcts 
The eget of Feo + Actes «= cvndort om the trade data In 

we SS tke mm actespace tocheobagecs woth Coormany. the 

| tuted Kongpdorn Pramce. and Ptah) prodood - $$ $ tells trade 
warts tm (90S the LS trade sarples wath bag was low 
chon taal hat arnceant ($2 Pollen: 

in 1980 opte-cloctramcs and cloctramcs products were 
the om advanced tochmokag, atcas that produced act tradc 
def cots tor the L emod States However, eemoe 199). the Ll aned 
States has had trade deface. om three areas apte-cloctromacs 
chatromas and computer and tclooumnmunscatom Trade 
defaots wath «oral Awan coomeanmes on tix « throe advanced 
ovbnetiags atcas gow ciooed the trade sarphuscs generated 
fromm trade wrth other Commies 
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U.S. Royaites and Fees Generated 


The | nited States has tradsteanally maantamed a large sat. 
plus on internateamal trade of emiciloctual praperts | orm tradc 
wmtcthxtual property when they boone of franchess prog. 
ctary technolagecs. trademarks and entertamment peaducts 
© cntrhes on other Countnes These transact poneraic act 
revenues on the farm of royalties and hoomseang fors 


U S Royaltes and Fees From All Transactions 
tS recespts fron all trade on mtctiontual peanerty reached 
$26 9 telhan m 1995S 4)! percent morcase ever 1994 The 
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ocmt of total roceuptis mm 1 99% 

The | S capernence esth berope has been very differ 
cm from thet weth Aces Clwer the trade with 
b urogee on omtetic tual promert, has hownced hack and forth 
show wg cother 2 wnall surplus of deficet cach vear In | 99% 
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| S tetape wade proxteced the Larges surplus om the nunc 
voars craemened the result of 2 sharp dechmec m |S purchases 
of techmecal know -home from the emailer | wropoan Countries 

horcagn soutom fer lS form purchases of toctimacal know - 
heme have Ranged somewhat over the yoarm wath mcrcaung 
amounts comeng from Japan | urope still acoownts for ncarty 
©) percent ct the foreugn tochmecal know -how purchased ty 
\ S forms. eeth brance. (sormany, and the Lasted Aungdom 
hoong the premcepal buropeen suppleer: Het. sumce 1990 
lagean has hoon the sanghe Langest tonesgn suppecr of techn a! 
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international Trends in industria! R&D 


in hogh wage .cumtrecs lske the | nited States mdustnes 
tay competitive om 2 global marketplace through 
emo atom mmos atean can bead to heticr production pracjcescs 
and better performeng products i: ¢ those that are mare du- 
rac, more cnergy cfficeemt, ctc ). @ can thereby provide the 
compehine advantage tigh-eage Countnes rogue ehen 
poten ST Sage COMRtMES 

RAD actrees serve as an mocubator for the new xheas 
that can lead to new products. processes. and industries 
VW heke they are not the onhy sawrce of new mn shan. RAD 
ata hes Conducted om radustry -run laboratones and facts. 
bes are asexcsated wath mam of the unportant new ideas 
that have beiped shape madern technology 

| S omdestines that tradspanally Cumduct Lange amounts of 
RAD have met woth greater success m foresgn markets than 
loss RAD-ontensive sndestrics and have been more 
supports of hagher wages for thew cmplovees Maroover 
trond: in dustrial RAD performance serve as beadeng md- 
caters of future techmelagecal performance The section 
cvammnes these RAD trends focuseng particularity on growth 
oo destrnal RAD actr ety om the tap RAD-performang indus 
tres of the | aeted States and of ots Two major Competitors in 
the ghobal marketplace. Japan and the Furancan (man * 


Overall Trends 


The | aeted Maates has bong lod the ndustnalized world m 
the performance of mdustral RAD Over the past treo de- 
vades however the |S) cuige has Geemeneshed Specifically. 
the |S ohare of total dustrial RAD performed ty all OFC D 
member countnes was $$ percent m 197) and 46 percent m 
794° (Soe figure 6-14.) Dewpite thes deochme. the Unaed 


Soc 1S Teele Gee Maertegptece Sr « preereeetee of ooo 
combo (OS crgpeter ore o ferrage amd Gvemrwts procs martes. 

Thee wcctecet ames Gane frown (MC TP. Amptveen ef) Mesemoe: | eaerperrer 
RAL) Ogee (OCT) OF") to cemmeme treads of cee! coders! RAD 
performances Gatatee tre te al RAD copcetoues (tee Orton ad 
ete chee oolmed) carted cae om the cubewtru! ante rogardicw of fund 
og wwe foe a Cement of | 8 mdetne! RAD & tomdeng were 
ww « hapter « 

VEC TD) mcrae \cmamtrecs ome tande Seutrehe Nowra Herigeam ( anads 
( pex® Ropetin Otewmart | teed bremce (Ccrmam (eooce Mangan ko 
cand tected heh Lapee | cucenioerg Merino the \octhevionds “re 
| mand, wore Potund Portage) Sout? Keere Spee Seeden Searer 
ond Tarte, Oe | med Kenge aed Ge nard Sar 


Napier 6 cain, Nectrosagy ano Comgatinverans © the Marnenpnace 


States romans the beading performe of industnal RAD th a 
wede marge cven surpassing the combuned RAD of the iS. 
nathan turapecan | mason for sts part. Japan «om hoepeng «eth 
ets Deheet om the ccomamac benefits of emvestments m RAD 
raped) mcrcased RAD spending m the 1970s and | 980s. 
whach lod to a near dowbteng of ts share of tow! OECD RAD 
ty 1990 Prolemenary data for 1995 wndicate 2 | poroemtiage 
poumt rec m the 1S shave. 2 | percentage pout doctine for 
Japan. and so change for the European (mon 


R&D Performance by industry 


The | nated States. the Furapecan | mon. and Japan repee- 
womt the three largest coomommes im the industnahred world 
amd compete head to head om the micrnsbonal markctplace 
An analen of RAD data prom ides soeme cuplanabon for past 
swcoeeecs om cortann product markets provides umsaghtts unto 
future prod do chopenent snd wagnais etefts om natomal tech 
nokagy Pranic. — 


Unsted States 

RAD performance LS industry followed a pattern of 
raped growth during the 1970) wach acocicrated during the 
cart) 1980; That growth pamern stalled during Lac latcr part 
of the decade and mto the 19905 When adjusted for 
snflanon growth om |S mdustnal RAD performance wer 
the Last decade has steadrh dropped from onh meager grow th 


Vande oc Ame ote on oem cetemenrd here oo cw we peo war > 
cemphete tome wets for te | 6°) 66 perent 
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to actual docieme om 1995 and 1904 (ty 2 7 and 0) percocet 
respectively, on 1987 cometant dollars) 

The dose ntarn on growth wowhd he Lar mary dramata wore 
met for the growth om RAD performed ty LS serve wx 
tor omdustinecs Whwhe the growth mn RAD performance ty LS 
manutacturcrs has showed semce the med. | ORIN. RAD porter 
mame th US weorvece ctor wadustines has grown rapedhy 
Soe fopwre & 18) The latest onternsteanally Cormparatic data 
on werell |S exdewtrna!l RAD performance tee the «or 
se MCh + share neeng freen 4 percent m 14K) to 24 pono 
ty 199) The spocefc sadastres den eng thes morcawe me RAD 
merforrmamec wethen the |S soresce soot onchade thon de 
vohopeng Coempatcr <attwarc and pron sdung (cenmunan stem 
“TV ACS 

‘heorell. the |S soreupace aed Cones oguap 
ment mdestnes havc Comestomthy hoon the Lange. performers 
of RAD om the country ( conparnng performance m 1984 and 
(WS however secs a sheft ot the matron s RAD) compass 
More RAD » homg portoemed m the saternetine mdustry. m 
the omduetrs peewkaceng «sort! optruments amd on the wr. 
‘ee Get odie. Sorece ater mdustnes a 2 group 
mcounted tor s tanger share of LS endestral RAD porter. 
mam< than cotfeer the soronace ondustr of the sutommoatuie 
odetry the tap teo RAD -portoemeng mxhewtines mm the |S 
manele turing wot nm | ood 


Japan 

Deremge the 19700 RAD performance @ Aapanew mus 
tres gree at a hegher rate than m the L ated States Japance 
mdustt) contmecd to cipand ot) RAD spending rapedis 
thromagh | 48S cmc than cheateng the annualised prow th of 
the previous dovade Japancec industrial RAD ending 
vmod sommes tat Gurung the socumd half of the | OM fut 
fhe Commmtry etll bod all otter ondustrahzed asters on terms 
of nvetage anewal growth om desta! RAD | nbc the de- 
cileneng trond obwctved for manulactarmg wxdustines im the 
\ ented Mates Japa manufatunng mdastncs Commtonth 
accounted for over 9S percent cf all RAD performed  lape 
new omdestry RAD) om lapamew servsce woctet madewtines ap 
pears to have acoeterated duvung the 108. but the comemtry + 
undustria! RAD) Comtemucs to te doemenated by che manufac 
turing sects (Soc fogure 6-15) 

Ao cvamenation of growth trends fer the top fre RAD. 
perform udestrecs om Japan reflects that Country « lang. 
standing cmphasis om clectronns (sm lading Comsumer 
clectramecs and all types of suds reual oquqpencet) The on. 
dustry was the loading performer of RAD throughow the 
pened rorcewed Lapan + motor vchec ke rondastry wa the therd 
icading RAD performer m 197). bet roe to cent. «= eo mm 
(980 and romaened at tha level through 199) Jap owe 
automakers carned a reputation for hagh quality and .abec 
durmg thew voars etach carned them morcaungh larper 
shares of the ghotel car marict 

biectncal machenery prodwcers arc shee among the lanpest 
RAD performers om Japan and have mantawed Ingh RAD 
growth throughoet the peread cusmened By 1994. mm fact 
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thes umduntry had mon od up to hoooene Japan s cord boadeng 
RAD pertormeng maduwtry in comparman. the lS choctrcal 
machener) sadustry \ ranking among the top RAD perform. 
ors om the | mated State: has drugged sence 197! 


European Union 

Lekc Japan and tix | nsted Mateos manulatunung odes 
tres perform the balk of deste! RAD mm the | Scat 
turopean lmeen The Larnean | mons endustreal RAD ap- 
pear to he wmee tat low Comoomtirated than mm the | nated 
Mato, het more « than on Japan Manulacturers of choctron. 
aA. Cquapenent mmdustrnal hom ah and motor vochn bo havc 
soemetonth hoor among the tap fine pertormen of edustnal 
RAD mm the beropean Lmeon (Soe figure 6-15) in 1994. 
(sormaan ted the | uwropean | mean on the performance of mo- 
tor vette and eadustrial chomecal RAD. whole bramce tod mm 
omdustna! RAD pertommed \ Conn stam oguapencnt 
rateu fas turers 

RAD pertormed % the | eropesn (mans wrvnce why 
bas dowtded wnce the med 198 socounting for nearly |) 
percent of total ndestnal RAD portormed ty 1984 | apr m- 
creases om service sector RAD are apparcet om mar EL com- 
trees, beat oxpeceally om the LU nmed Kegon (25 6 percent of 
ts eadewtrea! RAD wm 1904) fabs (12 8 percent), and brame 
(9 S peoroomt) 


“ew tochexa! cnontam havc empuctant coomorme hen. 
clits to a matron as they Can often load to mmm eon om tora 
of nee ot emproved products of more cfflkocet manufactur. 
img Prac oof er to nce maduntines To foster ememine 
ATT) Mastacts awagn Progerty cughts to emontors on tec form 
of patents etech alles the swenter to cuchade others fron 
mskemg. wveng oe vetlong the ovormtean inventor can cbtam 
puters fromm pov crament suthonzed agen for sn ontsan 
rudged to hence uectul amd foe cde sous 

Patcet dats pro ck wetel ondecaters of toch al ctampe 
amd TVc as 2 [cam of MegwwrINg Hmonin« cutpwt over 
tome «= Farther, |S patenteng ty foerage ewventors cnaiibes 
mecaswurormont of the levch of mvontean om those forcepn comn- 
trees (Pavett 198%) and can corwe as 2 loadeng endioater of ew 
toc heodagaca!l Compettan (fawe 1984) Putenteng trends can 
therefore serve as an endscetee «= afer ome woth cortasn bem 
tatoms of nateonal srvontne acters itacs 

These soctean descrites broad tromds om arontine actr sty im 
thee ( meted Mates over tome by nateonal angen of oemct pation 
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offic class, patomt actrees), and commerce actrvety ft ds- 
cues LS aventoer patenting mm forergn Commtrics and pre- 
sents data on imtcrnatiena! patenting mm weveral “ortnal” 
ton tetechggacs 


U.S. Patenting 

te 1994. for the forest teem ever. more than 10000880 patents 
were meeod the Lasted States The rocord eumber 
1G1L.67S of mew mvontouns rowultmg mm new patents cam off 
what had bore «vera! yours of toad) marcas ence 100 
in 1995S patents granted fell short of the prewscen your + 
mark. bet not by mach (Pace agen more than | 08).008 pa. 
ont. were granted weth the fra! count roacheng 101,419 
m ws 


Patents Granted to U.S. inventors 


Dkarung the mod. | 98h the summit of |S patents seardod 
to LS evemtors hogan to dex bene put as thee mammier aearded 
to fowcegn mrventon hogan to me The of comme ranmod ques 
bom shot | So mmontne atrety and ehethor thew sun. 
hers wore vet another mdacater of |S cOmupettinenes oo 
the dochme Hy the ond of the docade. however | So awonter 
pascnteng pated up and comtemued to omircan and outpace 
forcegn avemios patcntang om the | atcd States in | 89 there 
eas 3 lange pump om the summit of new patents zearded t 
1S ewemtors. that woar shee marked the few terme the num- 
her of patcets searded to US enenton croeended “0.00 
t scope for the followeng year (190). the S000) harne: was 
cwooded cach vear thereafter In 1995 S erontars recened 
$$_7 99 patents (Soe figure 6 16 and appends tabbe 6-1) ) 

levontarn who work for pun ate Coempamecs of the beders! 
(amcramen Comment swage oa nervtep of thew patents to 
thew omphowen cit cmphoved enon typxcalty rota oan 
orebep of thee patents | wameeng patent dats owner + x. 
tow of coin mont can therefor: pros ade 2 goeed onde staan of 
the sector on whack the sventre work wos dane In 1995 79 
percent of granted | S «ang patents were cened ty |S 
corporanem «(Sec Top Patenteng ( orpoestocen |) Thos per. 
comtage has mcreawd gradual over the voars * 
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\ficr Dusumess cotetecs ond aduals are the neu! largest 
group of LS -ongin patent cenen Pro to 198) indir we 
als owned on average 24 percent of all patents granted 
Thee share has Muctuated betecen ]) and ]7 percent wmce 
then in 1995. the 2) peroem share accownted for by and- 
vhuals matched semlar poeraad lows cm 1984 The federal 
vharc of patents actaged } 4 percent of the total during the 
persed 146)-8) thereafter | S Government-cencd patents 
es a share of total LS -crngen patents decleeed ~ 1S Can 
oThmott a ned patents wcrc cmouuraged Py legrsistoon cn- 
acted durmg the 198th, whech called for LS agemcecs to 
Maint oe Programm amd om reas moomtes to thew «2 
chtets cagemects amd tochmacuam that wowhd faceistate the 
vamster of tectmobagy Govchaped om the course of govern. 
om actrees (Soe “Prevate lsc of Patios Scocmee ~) 
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Top Patenting Corporations 


An CLammawon of the top patenting Corporateces 
im the | asted States ower the pest )} years undermwores 


the raped toctmodogx a! tramsformatzon acherved by Ja. 
pan ower a cekstrvely short persod ie 197). there were 
me Japamesc Compaen among the top |() patenteng 
corporsisoms the Lamed States in 198). there were 
three Japaeresc Companecs among the top 10 Hy 199) 
Japanese Companmc owtmumibered 6S Jommpaters and 
the mont rocent dats shoe cight Japance ( omparecs 
amsomg the tap 10 (Sec text tate 64 | Japan s patent. 
img bows crmphasnes Copter toc tmodagees. ticles neon 
amd Commune som techmotagee: and power genera. 
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Patents Granted to Forewn inventors 


boreugn rug patents ropececet mearty half (46 percent m 
1995) of all patents granted wm the | ted States © Thee share 
tone throwghoat mow of the | 98K efor: cogong dow we ard 
wm 1989 Al thee peak @ 19ER foregone pattems a. 
counted for 48 peroent of total | S patents Sence then oath 
US eremtor patenting ex tcaseng faster than foreign emecn. 
how putentemg tic forcygn mrvontoe stare fas dex bemcd ever! 
peToemage poomts (Soc appendn tattle ©) ) ) 
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bahewtry caako: pad uc of pata wc a comdeng 
an amaives of mere han 1000088) putomt-to-«ecme refer. 
onces conducted by CHI Rescarch. lec isoe Narm 
Hamelnom. cead (Mewastro 1497 » Thee stunhy shamend Gu 7) 
moron! of tc reforomom to «scmirfa putecatacens bested as 
per att om the front pages of LS. patents were to puta 
«em (6 authored 2 academe govormmoental, and other 
puttin cetetteam (Soc tout take © 4S ) The putt scammer 
el im those referomon eas at the Ave ond of the rescarch 
sectren eed was” publehed = mflecetal journals. 
atorod at tom feght recat anevornetes amd latkarstories. 
ee relate’) rocent, aad hoaeh sagpened by NIM [the 
Nata! leetewtics of Health) NSE [the Napomal Scaomoc 
)eendlateoe | amd odor puis agemcecs (Narn basmleon 
wel CRnastre 1997) The eetteom porionmeng pubiach 
turioed toxcarch Nypecaly prodce SO) percent of the artackes 
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The amaives ashe towent that the sumier of references 
to pubéa «vem had mcarhy truipéed ever a recent wi - your 
persed (frown G87 58 to 1993-94) sagpestang that the benk - 
age beteccn patented tochmobagecs and comtemporary pub 
ix wocmce os groweng The avackabelety of better cloctromx 
scanch teods to avontors amt patert Cuamencrs om the morc 
rocem poraad meght hetp to cuptaen thes trom bet rowarch 
om do aot crodst « ahome wath the trepleag of xvemee cota. 
home on LS patents 

The study comchades that there are strong lmkages be 
tween comtemporary publec scocmee aad technologaca! 
Secak Dronagtes pascntod om the ( meted Sustes. and that thow 
lnkages arc bocomeng stromger Thow findings arc com- 
sestont wath other mdacators of omcrcased lnkages and col 


labowateom of mduwtry ecth academu end astona! lath 
(Soe chapters 4 and S ) 
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boreegn putonteng on tier | meted States rs hegitty Komontratad 
mh commtry of cng in 1945 mee coumtmes Appar and Car 
om accented ber over 0) percent of | S patents granted 
to forergn ervomten Thetap inc commtnes Aspen. Cecrman 
bravo. the lL eeted Kenpden aed ( ands «=ccounted few SD 
percomt (Soc faa 17 ) Tikow chats howe 2 shoeckoen mt S 
PadCRteng a trey foo cuters from tho tne commtne rom 
18) we 194) OS ptenteng actrvety by ereontors from thow 
inc Comte moat dowhbed powkeng mo 194) at cart 37 tam) 
\ S patents Patent  hapanow and bronch erontons wa 
owe ult trong during the. perma 

Sere Thon patentomg Penn onto from the bcademg ombas 
thro’ Coumtres has hock off aad hes oven Rogue te de. 
chee @ some costamocs © Pramoe, Corman. and Japan wore 
cach wearded fewer | So patents wm 1960S than wm 199) The 
( orted Aengdkoen and { anus omcrcued thew patcnteng. bet 
uals sight (Rikcr Cowntres partaularty Assan Countnes 
owtvadks Japan tune topped up thew patenteng actry ety) m thc 
\ ame Mates aad arc tase eng thommcives to he strong een: 
tors of mew tocheokgees Ths o oxpecully trac for Tarean 
amd South Korea Before 19%) idata are seachaihe tarting 
Wo): Tarean eee seared paw $1615 pate Betecen 
198) eed 1975. lerean ean aearded mcarhy 90m LS pat. 
ont US patenmng actreety by erento: from South Kors 
vom 2 comeler growth pattern Before 148). South Rowes 
oa eaatded pew 10) 1S patents woe then. gery than 4 
awe patemts Aue hoce gearded lmontor foun ( hen al 
Hhomg Kom shee coped ox roascd tee patcmtong m the | nated 


woe of Ge Glee CS pamemmeng ts ch cemers fee Qe toatay @ 
Or ae ond mum ete ug MO steeiNetiod! No fie gen. eee ged | eeoeerge tetas 
‘oe athe Rae outage’ © adicr peamewmany 6 eee Peg 


“#*~« 
"e604. 
**ee« 
. 


*e** 
o** 


ea?" 


Mate: wmce 148) wor ao. when the sumiber of LS patents 
wearnded to ( hens and Hhomg Kong mm 1995 arc commiened they 
represent bow than ome-tonth the sumniter ze anded to Larean 
om that vour 


Techrucal Fieids Favored by Foresgn inventors 


\ country » dante of patents hy) techincal ares has 
peed to te 2 roleaittc ondecater of 2 mateo + tov tmodogacs! 
trcagtin. as well as an endure of dareteon m prowkat de- 
velopment The socteon compare and dmcuses the varices 
key tochencal frocks taveored by emonton m the world 5 throx 
homing coors «= fac | meted Sates, Jagan and Coote aaery 
ad wm two aceh mdestrahired nome: lLarean and 


Freids Favored by US. Japanese. and 
German inventors 

Whele © S pater acts ety sume. 2 wake spectrum of toch. 
nology and ce prekact atcas |S corporstinoes patentong 
shoes 2 partcular compass om «vera of the technology 
ateas that are cxpexted to pln an emportant rok m foterc 
coonemsa growth« LS CISTP 1997) be 1995. comporate puters 
axtrty reflected |S techmodagacs! rengtte on dev chopeng 
ace modscal and sergecal dev cc. chutromas tchooormmun. 
cates ah amcod oxateTush. aead eotochmodagy (Soc tou! tale 
+ and append alte &- 15) 

The 1995S pater: data continue to show Japance< 
mentors cophaasimg Stocteokay claw avenustiod wath 
Pager. photoacogy amg amd Comnamet che trons ums 
trees (Soe appends talbe 6-14 ) What os alee ewndert om 1905 
es the beomder range of 1S patent: awarded to lapancw 
cmcntery on nformatzon tochmokagy fron omproved imftoe. 
oman storage tected, for computers to vreaal dada 
oytemm. Japaneee eventos arc cormemg |S pate: m 
atcas that an! the Pro coeeng storage cmd treme of 
mhowemuatae 

(serman om confers Continue to devctop ace products ad 
Procowcs im tochmedags arcas aewx ted «ith hea) mane. 
facturing wmdesinncs om wthech thet Cowntry has tradstronall 
mamtamed a trong prewemce The 1995 1S patent actrvety 
eddies shows 4 (screen comptes on motor vebeckes. prem. 
omg. mew chomestr) and advanced maternal amd maicrial 
hamdieng cquepmcet patent lass (Sec append tatéc 6 
1S ) (sormman eronters busc she stopped ap thee patent a 
trvoty om wee mower toc tmodogs atca wach as beoteciodagy 
ard opter- ches thom + 
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Fretdts Favored by Two Newly industnakred 
Economes 

Patent ate oty om tic | eeted Sastes 0 ceontors from ace > 
ombestrahirod qomommecs can te soon as an uadecator of how 
Quer tx hmokaga a! devetoperent and as 2 boadeng ends - 
cater of LS peowbect quarhets bhehy to acc mcrcesed compe 
Teta et 

Xs rooently as 145). Jarewe ) LS patent actreety eas pr 
caaryis mm the area of kms aad offer amuncment devices Hy 
ce 1 98Qy larean eas xine © waxch atom as Comme 
Some tj Mmokagy «crm oendha tow muamel actuating proccess. ames 
ontermal ombetoom ongames (sce NSB 1991) Tike hatest avard- 
ate data |) 94S) show thet enentor from Tarean hive com. 
Tome! & patent cach om Conmmnumecsteom techmobagecs and 
Pomoc. axod om the ouametacture of scrmecombuctor dev soc8. 
de she show hoy acted) @ computer storage aad drs 
pin doa abamoed masters aad trammtor (Sec teu! 
willtc ©” atl apgemds tatéce ©- 16) Tem voars cariect. aeen- 
nas frome Tarwan rocened mo patents on any of these tecimol- 
ogy «lew 

(OS patentang Py \oert Aorrus mnenitory has sho vow nt 
raped tocheotagecal Gewelopement The 199% dats shoe that 
Koccan am onions arc patemteng boas thy om tebcy maon tected 
goes. chectrwe! prewbects. and advanced mustereads (Sou Gout 
tabic © 7 and append talbée 6-17 | South Rowes s patenemg 


Cnapee 6 weary lo rreceag, ad Compateverans © te Marnetgance 


hus she cipemdiod ute a broader array of Computer ter fmoto- 
grey Chat ox eke dev es for dynaman and stata imformateon 
totage Sata pemectatoon amd Comerwom error detection. and 
Sevphay »y storms 

Hoth South Rorcs amd Jarean arc alread) mapor suppers 
of computers and poropherals to the | nsted States The recent 
putentemg data show that thew «ocminets and cngumecrs are 
comumueng to dewetop aw tecinotagee: and amprove Cun: 
omg tochmobagees ft rs bekchs that thew ace anentom eri! 
Cab thee COORD COMmpPCttNeRos mm the | nsted States 
amd om ghote! maricts 


Patenting Outside the United State: 


in most parts of the world foreige mmventors account 
for a much larger share of total patent activity than mm the 
Lasted States When foreign patent activity in the United 
Mates » compared «ith that in |S other wuportant coun- 
trees on 19RS_ 1990. and 1995 only Resse and Japan had 
less forerge patent actrvity (See figure 6-15 and appen- 
din table 6-18) 

What = often otvcurcd by the meng trends m foreage- 
ong patents em the lasted States ms the saccem and wide- 
weead atrty of LS meventor m patenting ther mentions 
around the world © S mventor: lead al) other foreign 
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Internationa! Patenting Trends 
for Three important Technologres 
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por .d im 1997 that they had aved an on-line computer 
ver tice dering the preceding vear. This is a significant 
omc rease in heme access to on-line resources since 1995 
in 1997_ 29 percent of adults wn the L ated States reported 
has tng a home computer with a CD-ROM reader. apening 
aicdebonal informatean sogumsen appartunmes Nearly 
twootherds of Amencams eth a graduate of professsanal 
degree have a home computer with a modem. compared 
© 3) percent of those wath a ingh whoo! degree Sem- 
lary. 4) percemt of Amencans eath a graduate degree re- 
meted that they wer an on-line COMMpuie! scrvece, Com- 
pared to anh |” percent of Ingh school graduates 


leche percent of adults apprewimatech 22) million 
people endicated that they had prev teas tried to find 
vomme specific tems of information on the Web. | hi. pet 
orn of respec endecates thal poupic are useng the Wet as 
thes mag’ ase reference matonals wm a lbwary An anal- 
- nda ated that approumateh © § mulbon Amoncanms had 
ettomymted to fend samme mformation on the Web about a 
spociia health Comdrven of proftem. and approwenatech 
* S euthon had tred to find same sceentifix mnformmatian 
am the Web nchudeng enformaton on the space program. 
om truemental unformaten, and Compytcr mformatan 


Arvrruoes Towarn Scrence ano TecHwo.ocy 
@ \mericans continuc te held the scicatific community 


im bigh regard. According to the most rocemt General 
Soces! Surveys. approxematch 40 peroenmt of Amencans 
have a great deal of cantadence m the leaderstup of the 
~eeptitk Commun: and on the leadersup of the mod- 
val community These levels of national esteem have heen 
stalic for nearly two decades and are far bagher than the 
veh reperted for the leaderstup of other major metite- 


thts oh MC ECTS 


Americans hold positive attitudes toward science and 
technoteg: and have high cipectations fer feture bea. 
©. ~> from scieece. When two «ts of attetude Guestrom 
were Comerted mento 0-100 scales reflecting the prom of 


2 mean score of “Yan the laden of Scoontific Prone and 
+7 on the laden of Scecntific Reservations. Thes level af 
reservation © the owes roported by cHizems on map @- 
dustnal maton. On 1 operate measure that asked cmt- 
vom to assess the relate benefits and potential harms 
fram scsentific research, 7S percent of Amencams believe 
tha the benefits of wecntfix« rescarch outwergh amy present 
of petennal hea Th) evel of poste assceament of 
socntifix recarch has boon stabic for four decades and 
comastent ath the high «com noted shove College 
gradustics and crtizees aftentne to once and tochnolagy 


whey held cven mare Porutive views  sceemor’ 


Despite their positive views of scientific research. 
\mericans are deeph divided over the development 
and impact of several empertant techmolegies: bo. car 
CT. goMctk cngmecrng. and space ciploraban for 
more than a decade. Americans have boon cvenh din wed 
on the benefits and harms of using nucicar power to gen- 
crate cloctncety A semelar dinvmson cunts ower the hen- 
efits and potential harms of genctx cagmecnng. but there 
sa clearer difference ty bevel of cducanon ( ollege grade- 
ates bold a much more positive vicw of ponetx: madifica- 
non roscarch The general publix nm cvenh dinvided over 
the relative benefits and costs of the space pragram ( o/- 
loge graduates and those whe arc attentive to space cx. 
Moratran romaim vor poset toward the program 


@ Nearts 88 percent of Americans agree that the Federal 


(overament should support havc scicatific research 
that advances the frontier: of Lnowledge even when it 
docs wet provide amy immediate benefits. (shod of 
nathonal samples of Amencan adults cance |98S_ total 
public appr al of gowermment support of hasac scoentific 
research has remained constant at about 80 percent 
throughout the last decade During the same time porad 
approximately 9) percent of Amencans woth a haccalae- 
reate degree voced approval for government support of 
hase sceentific rescarch 
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introcluction 


Chapter Overview 


Soom and tootinolagy have hooumne eftegral Component 
ot the Amencan culture Over 8S percent of Amencans bebevc 
tht the world os better off duc to scecmoc. and thes level of 
ponetal support has Qoetemued over the Last tow decades Amen. 
vam Deheve that wecntists and cngmneers can cure dmcascn. 1. 
phare space. and devekap over faster madecs of Communcatan 
The growth of inte.est im science and tochmolagy 1 reflected in 
oMenen<¢ use of informal scacnoc learning resources. frown teke- 
vewwan to the Workd Wade Web Paradonscally. thes patiorn of 
hagh cApectatan for weno and techmokagy ns mot matched bs 
a vomparaitic level of understandeng of the xacntifix process of 
of Dasa scrcmtefic Camoopts 

in a democrat: sacecty such as the Unsted States. « os om- 
erlant lo understand attetudes shout woontifix and tochmokagr- 
vai ewes Over the last neo decades the Soremce df mgemecring 
fads ators Sdees have built a comperchomsine distabaw that 
helps to onenate paterm of change [ts cguall ungsortant 
80 PP) Current sacsal scrence theory to the understanding and 
imerpretaban of these data A somes of analyewcs descrthes the 
“Mrature and patterns of change and stabelty in publ at. 
tudes toward wrcace and tochnabogy 

Tod the means of CoMmmumoaton change as raped ay the 
wuts of soence and tochnakagy ft ns enportant for the «cn. 
HEN QUtTumTY to COmmmumcatc with the pubtac shout the peoen- 
m™ ad aoe of sacmoc To do wo roguires an understanding of 
the uum of enformaion that poapie usc and of whach poopie 
ax Ga toot the vanes hund of modka for QUMnenmcataan 


Chapter Organization 


Phas Chapter bogens with a discussion of thr level of pub- 
i imterest on selected arcas of scrence and technolagy. and 
c\amenes Changes om the pattern: of publ mmterest in these 
sauces over the last two decades The level of interest in 


Temhv« of Gar} fede cake vohwmm futieweo wm « 9") fee ce bene 2 
NaPRCT oe pein atts mare amt unedierwlamdiong of Som and bx tere 
ogy The etude: fr Gee 197) 19 ed 19% wt wow) wcrc tee om a 
Ment of 20 Qome imecrtiod ame an cenedws nates! perme! omer Mer 
vod te? Be CPpesce Rewarct ( cepoesmee of Prmcten Nee bere 
The 1990 study sa Gonagmed ty Miller and Proeen (/ 7%) and anshoed 
Viliier Preet, amd Poarwer (480) the persons! omer aces sore Combate’ 
™ Be letter for Nar Rewarct o lomgic ( averum Adenoma! ashore 
Sade wore eegqerted By Ge (OE) ORS ORT G8) end 109) bad cee 
TET. ee tke emer. mde ote Putin ( ieee | stare 
tory ot Northors [lemer (meer The chepeer for knee e Aedeners we! 
oe Named ce: neue Wicpaome tad) Comat tr Patia Clnmmor 
\ atormory for Profewcr Groorge Gortwncr of the Asmenineng Nota ot ( cee 
mumcatron at Tee Ceworaty of Remmeyivames be 08S aout 199" the ( bacage 
adem of Sem Conducted ade: that Commmacd De Core of stmendie aad 
Roem tege Bete Nr Pe en Ande ene stator aed x adie teicpten > 
<TVeces SP 2 tameredage sammie of 100 adel oe 1O ond |  o@ 
1997 Tike etervaces for the 1095 wad) were comducted ty the Pubic Afar 
Devnsor of Market face Imoorpermed The mnervaces for the |W" mad corr 
omdated % Oe Namo! (tame Rewarct ( omacr The rewwits Car te had 
1 Past votes of hada ane (NSB teomma sere) Thc dete for thew ad 
ae eadaie tor cormdian aahven fro Ge become ( omer he 
\évancoment of Nosomteta ( meray at the ( hacago Academe of Sacer 


rence and technology issues is an indicator of both th: 
visibility of the work of the screntific community and of 
the relative umportance accorded scrence and technology 
by secrets 

The second secthan of thes chapter cxamunes the level of 
pullin understanding of hase soentif i Cancepts and the na- 
ture of soentific omguary looking at patterns of change over 
the last decade The level of public understanding of basac 
srentifix terms and cumcepts 1s compared for |4 leading in- 
dusinal nabons 

The third secthan of the chapter cramunes two sets of gen- 
eral. of filtenng. attetudes toward scrence and technology 
Ome filter reflects an undnvidual’s belef in the promise of 
“renee and tochnobagy to improve the quality of Ife. whale 
another reflects the level of concern or reservation about 
Ponsibic negative umpacts from screnoe of technology Gen- 
eral attetudes in the United States and 13 other industrial 
natonms arc compared 

The fourth soctaan amah 7es the linkage between these gen- 
eral attitudinal titers and the policy preferences of citizens 
rep. rding government spending for hac scrcntific research 
The development of these structural relatonshaps over the 
last decade um the Unsted States i cxammed and the pat- 
terms found un the U nsted States are compared with those for 
‘3 other ondustrial nator 

The tifth section analy ze. the sources of information used 
hy citizens to umprowe and maintain thew understanding of 
srcetifc and techmecal meues The analyses cuamenes the 
gros th of computer access and use un the Untied States New 
information is pros ded about access to chectramc actworks 
and the purposes for whech und duals usc the Internct 

The tinal secthan summaries the results described in this 
chapter and discusses same of the: major implcatans 


interest in Science and Technology 


( mazes of modern ondustnal sacecties bike the Unned 
Mates five in the midst of a wide array of technolagres old 
and ncw Most Amencams now use a computer at home «. 
work. drive automatics Controtied by computer chips. watch 
weather reports wrth satellite emages only hours old and take 
pharmaceuticals hased on aca hotechnolagics unknown a 
decade ago The media carry frequent reports of the results 
of screntific research. wath a strong emphasis on bromedical 
research and results The recent landing on Mars of an cx- 
plorer that 1s essentially operated from the carth and Inc 
vowerage of the vehacte 5 movements and preluminary find- 
ings symbolize the imteresting mi of technology and «- 
enee cupenenced by the public 

Maddern scence and technolagy are only a part of the dash 
array of interesting and umportant news cvents As interest. 
IME a rence amc technology may be to screntrsts and oth- 
crs know ledgeable about ther actn ties among the genera! 
puiec they compete with the demands of famih and work. 
amd man) cntertamment and educational opportunites in. 
dr aduals in modern industrial sacetes have to make choses 


Sesase 6 Gxgmenty tuteaten ~ 1658 


about how they spend thew tumec. the msues that they well 
attend to ()f amy). and the level of particepatran they will We- 
vute to them 


interest in Science and Technology Issues 


The level of mterest m scrence and technology the 
\ noted Mates has romanned tagh dureng the last two decades. 
‘cucheng a new hugh pout m 1997 Lang 2 0-100 Indes of 
issue Interest. the mean bevel of pubes umtierest in new wacn- 
ufc duocoverncs has mscn from 61 m 1979 to Om 1997 
(See fygure 7.) and appendia tables 7-1. 7-2. and 7-3) Ina 
paralic! pattern. pula imierest om nsec Camoerming the ws 
of sew mmvenbom and tochnolagees has grown from $9 m 
1979 to OY om 199° Interest wm medical discoverncs has 
remamed hegh throughout the last decade There ts same cv. 
demee that umterest on omuronmental neucs has declined 
siygithy In the carly | 980). interest on cm wommental msues 
was Comparabic to the bevel of interest mm medscal discover. 
cs. by 199°. enterest om crverenmental nsucs was shout the 
same a interest in coamamax Policy mawes 

The level of enterest mm a partceler msuec arca reflects both 
a core group of citizens woth 2 long-term mmtcrest in that par- 
thular swe. ples some crtizoms abe hoootae mare interested 
duc to short-term policy desputes of activites The ncarty 
two decades of data collected hy the Kreme & Lagrecerier 
indx ators program demonstrate soveral of these patierm 
The oncomang Reagan \dministration focused wivtantial 
attenthon on a roc amenatan of Cooma polacees in the cart 
V80s lcading to 2 somes of map desputes wath ( ongress 
These polos differences and th: \tomeve medi coverage 
of the debate were reflected im 2 oa" canteal morcase wm the 
loves of pasties onterest om coon. sie iosecs and busses con- 
dymoms from 1979 to 198). wath addwpanal growth of mter- 
cost n [484 The current Adenemestratan has omphasized the 
need for a strong screntefixc base for the Lnsted States and 
has focused attention on the World Wide Wed and on 
mcreaseng student access to compwtern om chementary and 
wooondarn schools 

indi edwals woth tagher levels of formal oducation and 
more togh chee! and college coursework m scrence and 
mathematics were sugnificantl more hkely to register 
tagher levels of interest om new sceentifx drscovernes. the 
use of new mentors and technolagees. and space cuplora- 
ton than other crtizems (See figure >-2 and anpendn table 
7.3) In contrast. mndinoduals woth higher levels of formal 
education cupressed only 2 sieght! hagher mterest score 
tor medical drecovenes. nuctcar power. and cm rronmental 
resucs than other adults 

In 199° men were more hkely than women to mdicaute a 
high bevel of unterest on the use of new rmventrens and tech- 
nolagees. and space caploration Women were more likely 
to expe ces a hegh leve! of interest om medical drcovencs 
and em rrommental sees than nen 


in Contrast to the levels of interest reported abow ec) Amen. 
can ctinems ropert lower levels of information ahowt thew 
mame mawes Nevertholes. the levels of informedness show 
sclocted screntif a mawes have mon over the past Meo decades 
U sang 2 0-100 Indes of Ixeue Informedness the mean level 
of infarmediness shout new scronmtrfic drscowenes has increased 
fram 4 m 1979 to 49m 199° informediness shout acu w- 
venom and tochnelagess cipenenced a semelar morcasc 
from 35 om 197% to 44m 1997 (See figure 7.) and appendn 
tales °-4_ 7-5 and 7) | Throughout the last decade. the public 
reported the haghest recorded mean level! of informedncss 
ahowt medscal drcovencs 

Its omportant to understand how ondnviduals assess 
ther own knowledge of these subjpocts for many pur- 
poses fram decoding whech cleaneng product will be most 
effective to wrrteng a legrsiator om a current rsue ot 
the indir edual s scif-assessment of his of her know ledge 
that will cother encourage of discourage a grven behavior 
(Rosenaue 1974. Miller 1983a. and Miller 1996b) Only 
i6 percent of Amerncan adults thenk of themscives as 
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inceces of Dustikc svterest i and sell essesed knowledge about screntiic and techmotogic a! mssurs. 
by sex and lewel of education 1997 
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Understanding of Scientific and 
Technical Concepts 


The oamdern coazen ines om a sce of words The aah aces 
mapper om ludes thowsands of words to attract mterest Teles). 
wm mow » adds pectures and coder bat roguatcs accompany ong 
speton words lo he cnleghtcreang Incroaungh. headlines. aces 
hones tok\V ass Geagazene atickes. and iatracton manuals 
ms 2 owabelary of soomtelx tors and comcepts. often as- 
~atemg that most roaders ot vecwor ell undertand them 
Ties soctocm koeks af the hovel of pula undo Mamding 1 “) 
omc and tocimodegy Camccypts 


Understanding of Basic Concepts 
\o omdortamdimg of a fasx wt of scocmtifx Comoopts 
Te Lant pecrogumtc fe undortandeng drcuewams of 
«tom < and tocheoteapgs aed for partecepateng mm the process 
' fowmmerioteng ~ecmoc and tochmodegry prodsacy Whwhe the range 
| pomwittc Ssomtrf aA tori of Comoogits rs lange. ot rs peowssinkc 
whontefs a sammie of Gomme that Camcern the Composstean of 
matter. ( matere of the emrverec, thee tee Preaoceses that 
hus shaped oar plamct aad the faex Decker that saggeerts 
tc \ st of game know todge Gemm can be eso to cxtumatc 
ih Goel of weontia Comstrat anmderetandeng on the | ated 

“ates ower the law docadks 

laskomg at the hovel of umdoretamdeng on the odin adusl 
corm & appears that only |!) peroomt of Amerscam can 
lefeme the term “wealoowlc (Sec figure 74 and appendin 
Lite YN Lape peogerteen of the peogeiateen kee s that 2 
meen eke ma wall proce of maiicr. bet 1 anattic to reiatc a 
am ak m of 2 coll whech ate alee emall pecocs of cuattcr 
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(lec om frve Amoricaum was atic t) prem we 4 enema xc 
coptatikc def mmmman of DNA And dows wattantial modu 
sttettaan to doop space profes and pacturcs fron the Hubiic 
Space Tehosoope. any 38 percent of Amencans know that the 
carth gacs around the sun omce cach veut 

Om the posstrve wade. 7S percent of Amencam rooogmure 
that porhom of the cath crust thought of term of com- 
neemts have hoon men mg for mello of voars and will com. 
tum to came on the futarc amd ~S peroem mom that laghe 
travehs Caster than sownd Ato 7! pcroent of Amoncan adults 
repent the adca that al! radeewctin ty os man-made Diewpete the 
proemesemg kvcl of undcretanmdeng of thos hasan pin seca! and 
pootagscal concepts. anh) 99 percent of Amencan adults des- 
agrood « th the statement that “Lancers work Mh facweng wound. 
eaves) Rorhaps reflecting the legacy of Prod F hentstome oah 
half of American ropected the aaatement thet “The carheeu 
hurnams inod at the same tem ao the demonaurs 

( samg the samme towing tochmodagy acd mm mam natn! 
amd umcTnatzomal tows the rogues to thow meme Gomme were 
converted mente 2 0-10) scale * The moan wore for Amoncan 
adults on the fades of Scocemix ( omstruct | mdorstanding 
was SS. the samme os om 1998S and commperattc to 198R and 
1990 wades woores (See fogeres °° and 7-5 and appendn 
tabic 7-10) Understandme of «scatifx constructs eas 
vtrongh rclated te beth the level of formal educate and the 
ourntver of tugh «the! and Cotloge «acme and mathomatas 
coum taken The mean wore for college graduates was 68 
cormparod te 44 for odin aduals eho dod aot Commpictc hagh 
«teal lads duals who Coempicted nance of more hegh «tho! 
and college «sence ct math coarmees had 2 mean wore of 74 
compared to 4° for adults eho had fine of fewer Comrecs 

Moon scored sepnrt x anth hogiicr than ecemcn sth a mcan 
wore of 6) compared to 49 for weemen (Soc figure >.” and 
appomdn: talc ©-10) The scores parth reflect diffcrences mm 
voursctaheng patierm eh men tradteomalh takeng morc 
“rcs and mathomatas Gout than ecenen Scvcra! stud 
nce frown the last decade mdhcate that the Courectaheng gap 
has horn ncarh clhemensted m mathomatas and mm «rome 


Ti cee. om hee oe Ox otra a ee emt ewe ect few 
hott’ ew 2 cee oomaiee. Latee ames To pda. Gee GQcue cr pg. et 
ver tert, The eoenkd he apguin. str o> td @ Ow | mad Star: ond & 
ote combate! @ otis . cum 8 Oe Om tower Ghee ( 1T 
pes ectc 0 ceed! be oat Goo of.) takes tte a. cote Ow oc5atrs 
at wet. ft cat ace and Ox marie 6 cee ew @ cmt tab The 
wi teegex fae Root axed Gee fe ate! Lowy Sev. ce ome cater oe 
ema! CoN Bets Mew oh kote wan te: th bow of F ingtieet as a bere 
(mpeg TUM DL te cme Mee cre oo te (mde Bo ved 
+ cgemcmatee CE) md ar Nate! Aeacewmcee of § On cteenat Pragres: 
NAEP) Tike copes (RT jee toe cam ® regeeicns « Comngeted eat » 
oreo © gmt» tended ate eet exam. the halt. tay 
rowpemdicen: eomkd hac se sepa mee lo pt Me ocewl @ emer aod 
“amas cote Ge coupe! IBT jee om Come cried te 2 O 1 wake Sex 
Te OR) bee) er Ccemiet: Ge eeeeee of Gre? renee 
Geoers fee meee termetans ce Cot emater, fact sushven woo | cme 

Wat) ce Lette 1 1" 


7e4) ont WES 1 OR) tee 
Sted om . 


“ex Loge ct « 7), Vem ce 
more .ompicts dim eesece of . amg 
oarwrteteng ws 


* ee ethremst a + 


Ome A ogreers Trecnmor 


w- 


SUCES 2D ee oe. rere oe Annee Soe 
eres or Jemmronp 9 FF Pangea ome 


Ownage Onep Actes of Soro Peter Corte & te 


neeerert ¥ Soret nee OF oe cere meer 
ome 6 fopresr yg rotator et 


~ > ~~ « ~ . 
. rebct -i.ates Tx ade? wal ¢ 
mn J > > "Pac ru 
7 hat wR Ce < 
es . mcs TEs 
. MIN TAL PC Ws 
. m ual FT wing ote 
—— fo was Jam A CTS 
be ot atx | Terese hr 
a2 tho appre Mes 
nd he tue! strercila ; 
ax "amc ’ tx 
X hare oa utah Mare 
ars Tis COR 1. mata roi at 
g peux 2 uetemetmcet that 
ya - ctu s faiusins 
‘ a<T®us , . t “ TAX 7 
te bow x ated towing thax « 

Teds. whe! > teres fal) weet A 
“A s cw ¢ T Pes "a 
4 ; os =. wor 
. 7 7 = wh ~% ite ™ 

thor Thaet we acres fei 
‘ pia TTis! & Lae FT grr Twin 
ng * rye " um" 
*” “~ STAR 2 
? .= 3 445° ™~ 
i * > ~ . @ 
2 6 a x 
‘ me a oe ‘ 
- " » 
" / orion Cur 
*' + 
: a ab 
: 
e 
é . ' . ? " 
: 


s+ *& a he 
a mw 4 Tw - 
\ 
~< « 
a 2° ‘4 . 
- : 
>.’ ‘ 
. = 
: he = ~ ~)% 
J e ss 
4** = . a” & wy “Ys 
’ ear we a : 
: cy 
Mags 
A Pus cT é - a x 
‘3 < ant + x e < ~~ e 
' - a -~ FN s 
” " " = 
a & . a M > 6 AS 
** 
ns : . x wa 
. > a“ . CNC ix 
et fare rd 7 
' : - 
‘ AV i.e, ASE a Tm 
> > « 
~~ os 2 hoe un 
—— +> 
aie? Mate . J 
+ ; sa 
. ' + : e A<T* 
Poon’ (V4) ate feet foe 
‘ ek xs ~ * 
. . 
nN : 7 * 
: x 7 
t ager ere 
ud we Ou " mm 
= » « a 
. 
- 
> 
: 
o 
: 
: > 


ayy 


r.we 


Heke thes kovch of Comceptuslizateon mam mdin whusls 
“NC Se Jeareness of the word “sxcsemoe” bet no cogmatrve 
wtetarm c Dehend the word bt mun fe asecsated eth prec 
menaremont of wath goed of had catousmes ( modca! meracies 
 @capom of mass Gostrachon: fut the eork of «ocmteets 
amd the Proce of scmtri x maguarn arc mot underviaad Vbow 
Pthow mdr duh hod powine sttettadcs hema wom 
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f the chormous power of sacmc and techmodogy and thew 
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ads They were asked to defime the meanmng of «ocentx 
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ome gucstnon ahowt «sontfa wud and green a st of gucs 
teoehs COMA TREN an cipermentsl cahustson of adreg They 
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wrotatit) aang an cuampic of an onertied dimes * tach 
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wees as Aaveng of got haveng at boast a menemal lieve! of 
amdervtamdeng of the aature of wscmtefx omguary’ in 1997 
epemanatch 2° peroemt of Amemocan adults oct the stan 
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Is peonseithe to ottaen a wen Of enter national (oemmona! 
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hcademg waduetris! matwern ( wamg the | geen oak dew mtd 
atenc the (meted Sate. Dement. the Nether and (Cccet 
Brtan afl peaduced mean wores of betacen 3 amd 64 (Sor 
tepere ~-10 amd appemdin talc 7-1) ) Although the vears 
etech the dats wcrc vollocted from the other Counines range 
from 1989 to 199). the pros neon of the throe tame perros for 
the | meted States dhestrates tie stabelety of the |S cotumatc 
thet ry mo thases for assaememg 2 more raped change om other 
mane cedustria! aston 

The rewalts of the Therd Imecrmatoms! Viathomatas and 
Scoemce Study ( TIMISS) are retev amt to thes drcusson comce 
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commpies arca of rewcarch Some of the wxul peychoiogy 
comoepts atc beipfel m the amalyens of publx attrtudes fo- 
eard «xcme and techmotogy Soom excel peychobogy int 
craterc midacates that most andr eduals. eher faced with a 
dashy barrage of complies information. often construct 
schemas to filter and manage wmfo~"iaton (Schenk 1977 
Miewsky 1986. Lac and Sears 1986. \ilbere 199! and Pick. 
wan den Brock. and Knell 1992) 
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rewarch About 44 percent of Amemcan adult oh wored 
tow than 80 on the beakers of Scocetefix Proemese agroe that the 
boieral (ancroment showk! fund fusn scocntita rescarch 
Hy contrast. 89 percent of adults euth 2 wore of 7S of mare 
om the exudes supported that furnimg (See figure 7-1! and 
appends sablc 7-15 » Semelarty. the lewe! of support ranges 
from 6° percent ammoeg adults woth 2 hegh level of reserve: 
toe athowt the angxt of xecmce amd techmodagy to 4) per. 
cont among adults wath a how lve! of rewervanon By aecif 
thes patton would sage that both of these «heme operatic 
~erneitumcves amd on opgenete derex toes Put offeer Lactors 
wah as level of cdacateon and the sumniter of scremee Comres 
taken ofleernce the genera! wheme theemcives. thas. the 
relshoesiep © more comple: The mflecnce of cchkacaton, 
for cxamnplc. cas be soon mm the percentage of support ly 
«heme wore among thew eith different bevel of cuca 
teen (See apgemeies taitde 7-18) These rosults confirm that 
moth the proms scfeerms and the roservanon «heme con 
toma fo operate «then every keve! of forma! cdhwcateon 
The rowwlts sore Chat «here gemeral and long-term 2- 
tities! frlters plus an engertant robe m the formulateon 
amd muertcnamc’ of more ypociix poday stetades aad peef- 
ctem oe fe exefel to cuamenc some acim! mdcators of 
wie atotadcs tom ard onganered «ecm om tier | noted Sasi: 
Cie of te oddiow emdaaators of the pata ttt ard «> 
om and! techeodegry = he Comers! Sexual Sarwey qacry (Dias 
ama! Seneth aneeas) crocs) eft ahs Anemia efertin’ Gan 
hues great deel of conf adonce onh) soem confi, of hardly 
am vomfaiewc 2 oa oo tte poopie cone wivta! ete 
em \iet &) percent of Amram cuppes 3 greet deal of 
comfadcmcc ce Ge homdortep of the «aca? Comet) tral 
omg ony the homdertep of modicum (Soc fine *- |) aed agg 
des tallte ©. 19) C comparetety. cat) 10 percent of acai: 
ouprowed « grout deal of comfabemce @ Gr led of Oe 
feow of tek mae a 1G The level of cvncemm for Gar beady 
ep of @ ~ecneta Comme) fa conte dummy Ge Teo 
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The homgnee! an geketthe cmdcatew of tthe rohatre heme ets arad 
Rare of woot m2 Quewiaoe fie Ancricam were forw hod 
wml) weeks heforr the beach of Sputnek Im 1957 Asked to 
page whether the work! » better of wore off beceue of 
“ecm SS percent of American adults send they thought the 
world ea, fetter off. and omfy | percent cond that the world 
eas wore off (Dhewes 1958) Ie the 1988 See & Pee 
wowing bade ater, stumty the qucsteoe wan repeated and SS 
percent str!) sand that the world was better off dur to auc 
ten 199°. 40 woars after Spwemk. §° percent mdeceted that 
they felt that the wort ms better off became of cecnce. and 
omy § percent sand that the world m wore off duc to xsence 
The: pattern reflects 2 comestent post-ear bein! among 
Amerncam that «ecnce will emprove the quaisty of infec 

When asked mm 199" to wengh the benefits and harem of 
‘woentifx research 7S percent of Amerncanm madscated tha 
the benefits bad cxceecied am here. and only |) perce 
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took am oogereng vec (See figure 7.) ) amd append tate 
7.) in 1997 SE percent of Amercam eath 2 college de- 
gree wudec ated Gast the Rome its of wacntf a rocarch cutecmh 
amy harem. compercd to SS percent who dad mot fonech hegh 
hoe! OF the atemtwe pubic for acocece aed techmology 
potacy (toe quot bch to become awolved m Kec oF 
te temo pasty diagetcs) 8) peroeme betacy cel thar thee hen 
cfs of scocmerfax rewcarch outecwyh am harm 
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AmecTcams arc mot as feet ¢ atest all wscmtrf a meaars ar 
they are shows scacmtefax rowcarch generally bor cusmp& they 
tune beer cwerty dr eto for mer than a decade ower hc ec 
of suctoar perwer to gewerate clectrmnty fn 1997 45 percer 
of Amercam Gelewed the bemcfits of Guckcer power cut 
wenghed am Rarmm s tebe } 7 percent fected the opgemwtc vacw 
amd 18 percent thought thet hemefits and Porm were oq! 
(See fopure *- 14 aed apenas tothe 7-21) 

tend. hhashs eth more wears of formal «teeter maicx 
ama) cuturets attentive to «ectee and techertdagy poiny were 
sheghth) more feworaite m thew aeceeeent of  oencfi 
amd hares of muctcar pereer than other Amercam. tec th. 
differences were mundo © (See appendin able 7.2! . The 
retatondep heteoen cota stron and the aewcwwmen? of ma tear 
memecr ea colatneh eee 
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temd ome maowe Sop. amd also axcncastc wage gam “rth Com- 
Puictization om the eewkpdacc Hager wages are attributed to 
thee Seager Gormamd for Oomnputer-shlhed hater amd keeer wages 
arc thought to reflect the abeemce of computer skulls (sex 
Bec naan | 99" for 2 drscusseon of thes beeratare: Autoe Katz. 
amd Krwoger | | 997) sappert thes theses. 2s do Berman Bound 
ated Corviocthes (| O84) 

However Howell (/ 99") refutes the angueement that shi! 
mersmnatich « rospometc for sage Magasteoe among ices 
shsliod workers  sdemtfyeng 2 crucsal anomaly om ister 
marict hota cophow ment om hoe - shal] aoCuateoms 1s de- 
chemeng relatnc to morc Inghh sisllod pots fet the proper: 
tom Of bom ag ectkorn 6 actual mcrcaseng Beesmahar 
(1997) abso pron odes an emgroctart ortaguc of the rescarch and 
cmpencal evademoe on the empact of [TT om the demand for 
saolied lator and wage gap He rece s altermatnc: roscarch 
that ondacates that the actual use of IT (parpcudarh PCs) on 
tie po) ns oOomstent «th aseengmaoms atuad sob cmrctument, 
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wmed Coma tndcs Cast acre > let . oeapiommecniants het ece® 
haginhs shulled sewers amd FL unc conta) mn temagh & 
affext saali domand 


'T and the Worker 

We eke 17 maar affect thee ond whus!l eoebcr om amy meetecr 
ree pata wha cfleats atc eceth sMicmion hi su 
thee acgain< pinsacsl amd prychotagns! St tix 
mesith haratds amassed wath the asc of 17. amd the come 
towaat ated Pectags & te) . ope oe | awh mac rate: 9 
ata) Tm wool, oy 

(T « pertcedarh asancsted oath repeten< Geece 
wt. oven though a vancty of other acgatnc beak cffects 
wc \oenmen. amchedung cyostramn and 2 comnpicn of musce 
oshehcta! Guacders (Hell and bunod: 194) iT-mased tc- 
~<tan<c mations imhude hanced «ammung. date cary ame 
Lov ung. and kevtoard ty pang. aff of etach can toad So carpe! 
twee i oo mde and tomborsis ~eRCTTAs to the poemt of 
~crmancnt Gattis, (ute troen tic Hurces of | ator States 
ts ¢ S) md ate thst thc omcadomce tate of repeated trauma 
Someder tome from > 4 per 10.080 FTE (full-teme oguratonts) 


ss .S 


= 19Re to 4) | per T.. J. fhe tic amelie 
tafe water stell acomamts foe tec seed MaparTty of these re- 
actitinc momen wypurccs the summer of repesicd traames 


deweders cmrcacd more than (retold m ther serv Ke sect 
metecce GRR and (9%) Caocery stores acespage: pubtssh- 
ng hewpetats and .asanlty emawamce omdestree’s Tome Came 
atte cig Thx DO sectors wath the taghest mcademoe of the axee- 
Set and BLS exdcatc: soveral other service mdasenes arc 
pork to cRGcr Mc Sew ome buadiomeg ner fete = eee oe 
nares orcs aad marl onder retaskers (1S BLS 1984) 
Th omemernc axe of [T os cheats an a Cupatoma! hazard foe 
sabes nduwahs Qrome to ropetatn c motam drewder hut wom Te 
«carceers havc found that a sumiver of «xan! and orgamza- 
sel factors can wittacmoe both the monicace of TT-rciated 
ropettn c motom trauma aad mts soverits | Recster ated } omit 
a4 ond Rew | O4) 

Workplan < suri ciliam < amd mowstormng atv rane issee> 
“omucTnang eottcrs: py chotaga al heatth The US Offec 
 Tecthmetagy Awessmem defened chectromen aortas 
momehoring as the omputcrized coliertaan. sot age analy - 
cs amd reporting of mformanon shout cphoyeds Prod 
uve ectrwstees” (1987p 27) aad ¢ ox hades seach measures 
os Bey strokes typed per menetc. length of tame om 2 phhomc 
call. amd tongth of tame geay from 2 computer termena! 
Workplace momtonng 1 cxtmmated to hune dowbled from 
O peroent of all offic workers m thc cath 198th w 
mercem om the carh | OW snd spending om moantormg 
woftware os beheved wo crceed $1 belleam ( Asctio (993) 

The cflect of wortpdace moestormng om the edn vdual + 
acil-remg and eoct performance am bear (hme study 
((orame. Haggens and fry eng (POS) found that momstored Cus 
am “eT cmpknces heheved that good sort perfor: 


“Tews date ane teem |S BLS + Sarwey of Cncagmemel Gaparees and 5% 
ncwnes snd mu Se mood tom the cegqpamenal Hest and Sader Agency 
ee ee 
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at aa quantity) Decd stake Momumanmoted CHNpiONers 
focused on the quality of scrvace and tcamrecet Amutinet 
anah st olmerved sorters dncommecting pacer calls if 4 ap- 
peared the caller would exceed the 22 -ocomd mnsummamn Une 
allotted t the farm to cach call ( Asciho (way 

Onerall tedees shoe tha! eosiplacce monstormg ay 
moth uncrcase and decrease products 1) 2nd Mz) Of Mey 
not lead to greater ress amuicty isotsteon. and dumunsshed 
ecet mat soe Actual owkcarecs depend on 2 vancty of 
munderating [actors io the eowh plac’ om twdemg worksetc 
waper user styhe type amd froqucex) of feedihack. and the 
cndevedual’s wense of comtrol over the monnonng ascif ~ 
indeed one study (om the umpacts of IT on quality of 
sortitc) concluded that although IT could mtcnsfy sort 
pressures. t aheo cahaaces worker seme of worth accom: 
poles tamac tt and mtonoem, (Danmger and Kracener | 980) 
Var Aistyme (1997) nomethchess regards survevilamce amd 
conutonung «ith suspocson amd com tudes that there 1 gow’ 
reason to capext that “those suffermmg reduced autonomy 
éuc to fT will seek ways to sabwert the system. for crampic 
through sabotage. duane. delay. ase of alternative proce: 
oures wapphying maccurate data of stachumg to the letter 
hut desregardang the omtent of the system |p wm 


IT and the Productivity Paradox 


Ome of the most debuted msecs about the umpact of IT 
om the coomoem os that of the “productivity parades the 
unabolsty to find 2 statsncal assocustioe between IT umes: 
ments and prodactr ot) om the pore ete sock Drespete Com. 
petiomg reasomung and coodence about the hughhy poste 
effects of IT on compettrvencss and cost reduction. 1a- 
dona ccomometn analyses fas to fund amy product mt) 
hemefits for [T. amd scene studees sientefy megatrve produc: 
tnaty cageacts for [T un estments The mcameng of Taese fumd- 
ings (6 subpext to comsadershic detatc eth most cauperts 
ads nung Cauhoe ot imterpectatos of the data Protkems 3 itt 
racasurcment and orgamuravona! bcarning lags arc Teo C1 
plasatons commenly offered to make sense of the 
coymecnntuatnve cmpernca! fumdungs However. the most cut- 
rent research on the [T peoductrvety paradon sagpests that 
«may have “desappearcd” m the carty | 980s. some ane 
bysts argue that the parades os primarily the result of overty 
cpermistx capectanars stot [Ts ccomoma effects 


The Empencai Studres 

The fT prodactr ty paradon was reveaiod by over 20 
ccomometn amatyscs comducted and published betecen 
980 and 1990 (for detailed revices. soc Brynpolfsson and 
Vang 1996. and NRC 1994a) Regardless of the level of 
anal sas Caner the max Toc omommn of speciix indusines 
and sectors «these studies demonstrated that there eas 50 


“Fer 2 quad narvere ot Quest sees end femimgs wee Aaciio | 199}, 


ee ee ee Marre and Ga | | OF) 
Mesto Yer and Bonga | 1687) Porxcr amt Molar 8S) Brandi 
ee ae (1RRe, end Beem | 1 


Matimin ally segme! amt ot oven measutattc asx cataon fe. 
tween uncetmmemts on IT amd peenbactrs oy 

The trndumgs were rower: mot only Dec aun they 
omtirada ted rong Capex tatnen stow! posstivc cffexts ut 
bie De aus Prod In ity umpacts apparenthy fared tj ma- 
teralize anywhere (mot om servnces of manefacturing) by 
am ™easutc (4 Larnts of data sts and methods were acd) 
ot at amy tome (the stadecs cofllextirweh covered the late 
Vitts to the late 1 9B) Pumdengs of postive effects arc 
cpawtod im the lmerature but thes rescarch represcets unc 
ame ty Case stmdecs of a samghe umdustry of samall set of 
forms The pecpemderamce of the 17 peaductr ety roscarch 
shat imorporsics lange and retainech comperchemsnc data 
sets at the form. endustry. and macro levels comsestenth 
tails to deomometrate a sagmitk amt poste umpact by IT on 
peaductnity regardless of sector oc mmdustry Indeed onc 
eidch cred study fomds 2 aegatne comrcisnon hetecce 
mestments op IT and multifactor peaductn ty further. 
mmorc this study sdemtifecs vet amotiner amomaly umdustrecs 
tat arc [T-omtemsnve are morc profmabkc than others but 
sthin industrecs seach umtemssty is muogatne asec isted 
oth profrtabeldty « Morrnon amd Berndt 198) and Bernd: 
std Morrnan | 99%, 

Teo recent emacs of cmgancal analyse: arc, however 
motaitc (Mener and Sache! (1994) amd Sache! , 1997) report 
2 small hul postin’ assxcatsan betecen [7 and product 
os eng 4 growth ac cumteag approach Bryagolfssom and 
Hom (1995 amd 1906) fend large and sageficamt comtrde- 
teow ty 1 T to producti ty wsang a mew form-ievel dstabane 
Hoth sets of fumdumgs arc heghhy saggestnc stow: the na 
wwre of the TT preadectrvety parades Seche! (1997) argues 
that ts frumarnh cur cupectateoms that arc cut of heme = ath 
(he homg-term hesterncal tromds rogardung boeh 11 dsffusscn 
ame the overall tewel of IT capital im the cooncen 
Hr mipoltascwn amd Hert mote teat 2 fall “0 mercer of the sara. 
won mo ITs commrnibetoom to margenal prodect cam be ac- 
counted for ty furm-lewe! warssbles Thes suggests that 
agpgrcgatc data are sot lekely to detect petteras @ TT om- 
pacts amd thet the cffectrc exc of IT rs heghhy Comtungent 
upom the Comet! of ms ase af the oegamzatronal bev ci 

To claboeate CHemer amd Sectee! fomd small but real comen- 
cuhors of computers to the coomamm From (970 to 199). 
computer Rade are Comeributed © |S percentage poants te the 
otal | S cutpat growth rate of ) A percem Whee wftuarc 
aml Joepuier rclated ister arc on haded the J ometrteutace 
dowttcs to 0 3} | percemtage poents for the permad 1987 to 1993 
(et || percent of total growth) ~ Other capetal and ishor @- 
pets as well a mulnfactoe praductr ty gam accoum fur 
shout @ percent of the growth @ US SS Saag thes 
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{8 erat ae aE Ta: tagtner Wc omer tamer te. cemgeunny 
Maree Soman seer The mati) comemanr Char | eget 
sapdewe cam tuned ©} perccmaage powets te the | 8 REM eee gH oOe ee oe 
frome WBS we OF) more et Goaiie Ge © |S Coma prem dnd > | heer 
weet te (orem are Ger age pa Oe Sficroee tem per ed + 
Se dey amd) Oefierong exsuemgme de eye oe aA fe 
Se ee ee oe 
Pere CTR 
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perend = Tie authors cupdase the waall Kominbetoe of com. 
peter hy obser ung that Coengeting -rclated enpets are a vcr 
wnell fortes of total capetal eed lube and have anh re. 
LeMty grove n large cremagh bo hase a mcawutatic ompact The 
vom tude thal Compateng cquupenent can ik practic af 
the form bevel amd wet make ithe Cumtribubon to aggrogaic 
gree th precinct Rocauee Competes roman a cine mp. 
ot tacts of predacteom «(Hence amd Sahel p 286) Sache! 
(1997) crgremds om thes anguracet ty refloctng on wend & 
tte doffussoe of 2 vancty of onformaten tecteotagees He 
vom hades that Coengatomg tox tewhagecs arc part ot a | Mb year 
eed toward greatcr mformatan ontemsty m the | asted 
Mates. and that ec showhd mot cupect the cffects of comput 
ots to be large aed seddem. bet medio eed part of 2 hestoes- 
val . ewe: 

Brynpolfissem amd Het (1906) anaby zed the ompact of IT 
U8 Meas gee! apes tg a ace form hci tata ated toad 
lange Comtnibwtacms of 11 to mxargemal prodkact fow the form mm 
thew studs bet) addeteomal dollar of Koemputer Capetal tack 
oe) axexcesied eth an marca mm margenal cetpat of §| 
comts, amd over. ahdetoowms! dollar speee on | T-rctated lator 
Sas aye cated & aR an oA roax mm marge! catpet of §) 6. 
Thew carter wort she deomcmstratcs that firm-bevel factors 
accoum for half of the warsabelty mm 11s muargenal prodact 
comnibutors ( Brynpolfssem and Hem 1995) in comrast. pee 
vooms stundiogs stadia atc that marcas on IT ae not asnxusted 
ath mxreascs om margeal cetpet Mornwon and Bernd 
(1990) toumd 2 aegatnc cclaomshap hetecer |] spemdung 
anS Turn wtp 

Scveral factors mu cupdaan the dramutacath doffcrens {md 
mg: of Brymolfiscem amd Het retain to the cariect produ - 
tevety standecs The laser teeme persed of thee study (1987-91) 
the use of a harper Gets ct. emcee detasied firm-level ‘ de 
amd the emchassoe of | T-retased lator (mote that 11 capetal cr. 
poems arc typecaihy) 2 mall fraction of 2 firms weal IT -rc- 
tated Costs) arc afl roam ate thew fomdamgs are more PONG 
than thomc rowuitumg from cariect rewarch | sang semeiar data 
amd meting otihct smahy sts hun ate found sagmet cant pow 
tive rates of return at the form level mmctading | actaenbery 
(1995) amd Lomk amd Somat ( 108) 

Tine stuadines ts ¢ Momet amd Secthc! amd His yolfewor amd Hor 
haghinghs the Comphcumt. of rescuorh mio the effects of 1T on 
peadacen i Both sets of famdengs sagges that [1 docs have 
mcasuraithc pavotts tor coomomma Prodan it het the ders 
of mungmetade arc quate defferers Macreoumoema smpacts mn 
he quate meadow af New cas mmcasured! Mm (Heme amd Sacer!) 
ehercas frm-bevcl Nemact ts may he maces substantial | as omca- 
sured te Birvnpcdtine amd bet) Wheke the Gb me omdacaic 


Nectar! | PF) senert ue Geers me eam Commriramen of 11 tad 
a2 @ Qe metetawe peat ce. MEP cme: MEPs ccna cn 
mete that reflec ee a oegetermeme Range fae mg Ok 
eMamem. of Comm crteng apam ome separ. omc [7 gad Comertanr & 
fae Gat we waged & MEF bee pct tk name of gree a 
 cemieng wetengers |) agen. weeks ec ke tac 2 eager! came of 
tart, amd Sethe! ates GCeae Pheer eo cometheng © fiom fer ct at 
ee ee 

Vemdenge ace heed om 2 Gets ct of 4 Sem pomerenmy $) § rthon 
© aggregate cakes we OF 


IY 


Se 


tet the Prowkat wm) parades Bas Roce rowsvenl how fend. 
img» do sugges that the rclstomstep hetacce |] aad prow 
iat) gags he oteamgemg fb Aphamataoms tow fic paraden and the 
ageod Reacts of IT theretoee reganre turtihet Ciphoeston 


Expianatbons for the Parados 
There atc 2 mame of emerpectaticens of tc prodactn ay 
Dated cho tallheay onto ome of three Catoporics 


@ There & mo pared fT dors have pein cilects oo 
nuances ate) Como performamc Det wc arc mot atic 
w Mons Chow cffests cash 


@ The parades  roal bet temporary cur scual and ongs- 
miata selet) to adap to moe toc temekagr. Lage tke pack 
woatech the toctmotagn 6 warded 


@ The parade «© coal and ot tempecery «the omphcanon 
of winch os Guat 17 teas ao emeficusl Comengucmoc for the 
orm ated Bemoe reflects sasaantasl opgrortamaty Conds 
at o meme apeet on TT es fetter gnome checeherc) 


They ther imGerpectatan os mot cuphored mm thes chagecr 
mem UC cuit of OO MRC Mggpets that there arr moaning. 
‘woangats of IT ctulhongeng mcawemem proftems aad 
ery toa) seceel Legs 

ic hademg dewagrecememts stent the quatety of arms data 
ww oo the TT peokactin ty studecs (atch teas empdacataans for 
wamoes of crrer om the femdemgs) Gaeve arc atoll 2 quences of 
we memuemcet csr «6 Thee few oo wht comeetes [T” 
iy 0 Cagetal ams ostmmecmts coh of dam @¢ uchenic late etach 
represents the Qealk of 17 ogreratang costs’ Do TT capetal enow- 
emt: omic more Chae competers amd of wo what’ The 
vemos of wit to Comm a an TT opegencet cipeme ached 
tery ane arc amd whe are OUTTA eS Oger, 
amd a caret) of off, machemes (wach a photocopacrs and 
+o irumemts) Al prowcmt acre rs kittie Commence) among 
tues amd weutoc of FT amcstemces date vary fromm aggre 
ga pcm Gata to pen atc sarc -ased form daa (inc 
MATES TCE ma os semgyh tamdardureng the 
dctmemon of TT eset (tater capetal and types of capetal; stan- 
dawdired det weteces Can tacebtae data coder tao. Commparatel. 
across Gata ts amd oummutateon of f omdumgs 

\ ccomd bo mcasurterecnt msec ms how to assagn dodher 
values to TT as 2 foctoe epee TT can be mecesured as a fice 
(annual CUPS. of perches) of 2s a stock (the Cummulamon 
of cquapmen over teme: in teeth emstamces prec deflators 
are Toquared to Compare stacks oe floes over tame De Commer. 
img them te “real dGolter IT oguapencet ss copoly prob. 
tomate foe cxtuitesheng rchusitic deflator. for cuampic. mot 
ed has the wees Prac of KOempetg Cguepemen heer fallen 
Cling Cocmputamg stock hocurnes ctaokete very guacth The 
Rac of tectimobagaca! Ramee ot umformatacn tex tmobagacs 
ieath commplacates amahsts adele to comstruct gush - 
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ctecether: (Erypetiwwe ©?) Gan amd ( babrwters ORS Ceci | 
WRU 986g ood CR ond Sect! RS) 
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atpustod pew deflator. | amd apgpropenatc depres uateon rates 
destortacmes om tame hats Can wegmef cant affect rocach 
ehowmes onc oe amber abueng cipemes and ewds 
dftcroes peermads 

\ Gard mcesarement Comcete relates to cumpet | specif 
vaihs Pane be Tecan Me Cet Of MfOr Ratan PrN cosa 
IT os axed cxtememety foe “ectrnotes” that do aot row 
Cameguivhc Car hct utp ic gente « teeduleng repost. 
wg) (Comsequentiy. a rm difficult wo assagn a dollar vabac to 
th owtpet of 11 2 emcaswrement that ss crucsl to accursic 
Prenat ty amahvers They mecasarcmers challenge i cum - 
cThated m the serve sector where cutpet measures must 
aw capeurc gualstatn« differemocs m services (Mart | 48) 
amd Nowelic (980) the prottem o saffxsenth severe that 
BLS dacs mot rept Labor prodactr ty for the wftearc 
Gestry. a core TT sector ((pndeman 1996) The potennal foe 
MIRC SECM Of wWTY KC) amd infiormasbon pracsng 
ommpets as ectl as IT as 2 factor aapet_ wo trowticwenc that 
Mawmncasatcumctet iy usualy oie as the peur) ciplanste 
toe the Peowkactr. ety pueradon 

A towrth meaurormem ose doen sfiowon ami has 
tows to do ath mawneasarement of a spoof omdicator (ach 
ay factor omgeaty amd prod) catgrats) than of measuring the 
rong mdxstor to hogen woth Studies of the applaatons 
aad usc of IT repeated) demoestratc that IT beactits do moe 
ee up as chawsacal cffcecmcy gaums but as CoM sav umgs. 
impeod omemton management and qualtain mgr. 
maemts om Customer servece These anproements reflect sach 


tames. vanety. and respomsncness regardless of whether the 
cutpet 2 product of servace of the Comsumer rs an orgunal 
Cquapenent manutacturet 3 drserrtatoe o¢ an cad eset | NRO 
(94a. Byrne 196. and Bradicy. Hawweun and Noda 1993) 
Tiree quahetatn c demcmsecm arc mach mare lich to stom 
op a doe estrcam femet its to the Comsaemct | Beets | 8s | 
ot 3) greater Competences for afem an outcome imoen 
2 Gserbemonsl effect ( Hamker and A. suffenan | 488 Bash 
and ( hekrebert 1958. Hrvepolfieee 1993. and Poeter and 
Mallar 1955) in adkdteom Weel! (1992) has foord that the 
typx of mformatean proacesseng (tramwaxcton) maticrs in a 
ted) of valve manufactarers dats processang coukd bx 
asuxusted auth product ety gams bet geacral besencss 
sy storms (bike sabes amd mnarictemg sagport) Cowkd aoe 
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Another Competing cuptanstoon of the product wm pure 
dot argues Ghat ts 2 real hat tompperan piemomemon Sax 
obogrsts amd ccomoma hestomams have bomg argued iver) 
cagenth ) fast sacecty + abebety to fully cupbost a ace tech 
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Onepter § fcomome« ac Soow Sortcarce of rtormwter Wctrosages 


omgeats Mago Cross-sectow studies (soc Birypodtisaam aad Yammy 
Wm foe rovaceas) Go mot Getext pewter > prodkatn et) rctarms 
toe [FY om ac Natkomg eabestry. aed Frame 5 ( 1989) stad) of Oc 
‘MATA Le AR ura amd ammo Ooenmemed) sages 
nat |) » aeensatod = eth aogatec proactr ty emgeacts How 
covet Bead and Deke | |) 482) do feud peekatn @) groeth of 

Tem fet year atvbataite & Coempenets | sang quate 

whem: aad emtervaces oath chert caccutn<e offscers. tir 
atom! Research ( owe!) atriwted Ger lac’ of peeabactr & 
pax t So 2 vatvety of factors ( ame ms Gace cveT present cece 
ho Ow Tac of cufpet om Ger Ramdkeng sede ac ct. 
‘Tapisted fram cmpksment data th the | So Barcas of 
toomome Amaives: amd cwtemutied from aadhos of feu 
rameters (heats doponats and wo ferth) tb BLS Neuter 
racic full accounts foe Ge vohwemer of Ramey Wome 
cms of wader varecty of fammmcual servaces Gee caheress Df, 
~ Mca wg Ome ue) Remo cetpet wrens), 
Bb TAA) smh ws eum aggrogaic amu «ts 

Note Soecver Gut later probate ty fies fees sical) 
mapeus wag = Gc Damhemyg embestry (Soe fogurc §-! 2 | Moers 
nepwets that “Gurung Ger 1975-93 perv commmercasl hams 
et ttc toghew homg term growth o@ prodatr ty hae am 
* the measered fumemc wed serene eandestrocs we. P 
Mi) Thee doffecudty os oe cmperca’h iembang thee gece 
meats to fT 

\ scocomd reasem for the apparcer lact of IT-ied pro 
Sect oly growth om thes aeSustry rcistes bo pro@écem:, « ith 
cart. gceacratpom: of msformetroe tex mobagees amd ovga 
sizstioeasl sadagtatwoe The “atromal Research ( oun: 
tw reported that 


20% apQecataom of |) prowed & fe Coot aed Cee 
~otearr at ogupemcer tad & & ugedstied ant optac’ 
wogucseh [7 sesaemm cogeed lege emowats of tao ay 
Tetetg apyTadty onl geieemy oo oem TumagornT 
acs amd pre@ate ©) Tata sewieme lagged Netems Or 
ace tectmolegecs «@ 3 rapedh) cheagreg (oenpetrtr:< 
omutctpiace |The cost was that tangeic pe, eacds from |! 
aes: sere Grimed (NBi PM pp He! 


s ~ a 


ee 
See poe: ue t 0 loess ig~eery oocat 6 


Other Busmess impacts of /T 

The sageefacamex of [T emerges @ aces of fase = 
Pant othe’ Than Koen cmt-omalls measured prosbatr wt gaat 
Theee types of effects we sorth partxula moe tie cipun 
som of amdomg prow ts amd serv aces. tem ated CoN san emg 
was CORNET ¢ Potaomang 

Bankong products amd «Ti acs hc peobeicrated = th tix 
ac of BRT ATM. setepirome ramsacte ms. ad automated croudir 
ates beam ponder Hamad then procs: Pellooms of (rama 
toms a veer | «cveryitemg from choanmg ead wha! checks w 
ATM cast deeper t account magus. to kam appro als 
2 \otwmer of @icTacteorm tus eculd sem moe De perssiiic 
ethow sutceaiaon fur clampéc tc ( kcaremginoes< for Ip 
scrhart Payers Sytem ea praccesemg acarh $. orlhoe 
sort of Wemmacteoms per der Ge lete 198 aed Vis 
capac. for suffer crodet cad Wamsacteom exrcescd 
fom MAME per dey oe 1978 w | 4 liom per as oo 1 
WR 1 984— op 83-84) Becomateen | | OR) cotemates at he 
treme f ots to Comers of ir usc of musenframme Commpwtcts for 
fom kal STV aes Sas free tammes greater than fhe a cet: 
= te Commuters Gacmmeciycs 

Tine QushGatr cc CRQWON CrmeTS & CUSRUETTT WOO CmacTAK Canc 
aad scope of acco t femme rowowtoes ss reflected @ the 
merall groe® of chectruesn, Tamataorm bagurc * |} dhuntraics 
ee cupamecn of chectroma «ATM and poet ot -sabe) aman 
tacers om fac | mated Sapte ic suet of choc trom Cath Tam 
actors ated payments for gowns ard eT acs as ore Ta || 
tellkoe @ 1985 coempared t pest owe; 5 befor mm 1 ORE 

Teme and cost sewemgs for he ndestry are ahem motabic 
hoe cuampic. Miction Bamk redaced the werage processng 
tame of Customer Commgasnts b 2D dvs eter « anstalied 
ommacgrated docummen system. \ na rodaced ots praceeeamy Uw 
foe chectroma crods card suthoruzathom: from ‘ mamutcs © 
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IT, Research, and Knowledge Creation 


1] tas Pocndacmemasits cmPaamced time Comat Of wee 
ufc research. data modeling and analysis. and the 
crcson of sxeemfincalh Gerved keowtedge The mow 
pervasrve Change the comergenes of the ~ ghobe! labors: 
tory” bmmermct commectbons ace allow scacmists W com- 
trol wastrumentatios from a distamc share research 
‘tg ances auth oer wetter accu Uke 
eortd aad devebop untertanonal databases amd coliate- 
ravens The research applxcatioes of ectworkmg arc 
cxtemseve (see NRC 1993 and 1994>) IT hes gradually 
crowded the goographx comstramcs on Une comduc: of 
rewcarch amd ines teddge Cumubanon 

High-speed computing and ahvanied «oftware appt: 
catpoms Save abso cahamoed the amalyses of scuemtrfx data 
and drastaceil) thortoued the mount of mec requared w 
perform certam scocemfik tasks For cxampéc. data vow 
aluzztnoan pros xdes Gvmama three-dmemssomal modeting 
of compte systems deta such as fluad dymaman etic 
omagimg techmology provides + rsua!l Wacking of such 
monet: cellular changes as embryo development ip 
beotog) major advances m raped gene soquecmceng and 
proses muppemg arc the darect result of haghty acdhvanced 


compatanonal programs (Scarace | 996; 


“wrt af *® gikoe ceefleoes of wedi wheels acces > Pes 
mm! .wlterc (ee wowed’ me offre rs fc These & 

i> Beak nrverest ~otlhex toe ” mafieoe Alrocan 
Lox TA wtiteacts ttc Vatacen + 8) woar-<ctd codiex team of 


com Deeks ated cnamecrapes (ochdemg tae omy 

imme n Cope of Ques Satercell sageefacant Gocumments) 
ogress $s Amram Moor, ( offectnon 
iL.uweremts ‘rise ean rages sfal «ute recordomgs 
Vicmmemeet (94°) Latwarecs arc adergoeng commparadéy pro- 


camel degrtal rcvotuteoms (acc TT and the (hangeeg “Natarc 
Seo. 4. 
Hecausc of the groweng rode of TT = icarmeng and @ cx 


cummioma tke sooge of cdc atonal fONTORS «CER Pooper arc 
comwcrmed ateoat thee aoCosateiety of pformasteos tec fad 
gece ko Te mateo + «feeds aed fie effects of those tex foto 
gecs om studierts gartecubert) K-1) chekdreo These ecctoon 
weeks ot the chbffuseen of ff ml S chemecmtary aad eccoendars 
«fees as well as tie effects of cCompwacr-fased eovtractae 
© Vwdert a hes cracet beogustam m suabert (| aed oecPadd ; 
iT arc comederattic. thow arc ahkiressed mm the fw 


Rice © 
a et tS ? ties . fuagéc’ TT arud tia ( isct 
® a a | tow nar Tat ere Fr Tag 


i went «Gre sel ettat ce 
oo pu Poor mee “een tet gtd slaw) Row ke 
mows Tue .ownkl ac Ww G@nganed pote’ Soe tat Be i Oe i oo 
gre: ct oom — =e ke poe mat cr 6) mehr &e © Ase 
7” shee | Mower OF" 


<“se> 2 we Ua” 


an 


IT ato prow ades imowtedges ec wowkd aot others we 
have 8 6satctiec-tused iectmodagees arc partcularhy aoer- 
wortiry foe cuampéc tie ghodss! posstaomeng sy ster alhow 5 
geobogrsts to measure precise movements m the cath) 
cTwst. thas adenn fy ag Commumstacs that arc \wineraiie to 
cartiquakcs and anhng © cartinguake predactwe | Herning 
(Wb) Global ctumate change muubetumg semukarhy owes as 
ahamces & seiclitc-based data colbecbor ad (ramemes- 
som m ture. snore detasked km tevige of bastomcal ch- 
mate peficmms hws umprosed ow umderstamdng of some 
wnfectows drscases and cpedermacs (( obese!) 19) 

Advancement © «unt imme inde 6 mot bei & 
dugtecr ohaamon Ac mmanatne [T-tasod program uchades 
procodiege studiemes from aroumad tec workt @ Ge rewcarch 
process The Ghobul Ucarnang and OBnervenoms © Benefr 
the ba womens (Cd OBE ) Program pees odes om wommen- 
wl «sence educamon to K-!) students mm morc than 3.500 
scthoots amd 45 commences These studdemts codiect cay eron- 
mental data for ase by x scent Commu) m research 
oe tac dymammacs of the cath 5 ghobal ce wommen Saudents 
report data om the Web. gemeranc grapheca! depieys amd com 
wee mags aad werrat eth macrumors research «en 
tests as well as other GLOBE studenes (Feeurcth ad ) 


IT and Precoltege Educaton 


“atonal pecssares to mercesc The scope ated asc of mior 
matron techaologes im lS clementary and secondary 
hooks are perentent (PC AST 1997 NIIAC 1995. The 
( Belden + Partmcrstep 1986. and MicK ene) wad ( ornpan 

995) Im most mstances. the peemary roasoe for greeter 
cmptaases om IT cs adogusic p> trammeng slthhowgh tere is 
moasitc ComceTD over svondemg a stracrfeed wxects @ witch 
tec “wehormeteon haves are Qevwiew! from the “whormatnwe 
hawe-oots ~ Ciccater ese of TT at the precofiege ieve! « Pec 
quceth umdcriicad as the rammeng stuabemts ace’ & fe Com 
peter memicts of Tx miormatsom «at) aa & Chen 
infos masta -crtam od gusiets of inte 

Assamngtnors shout the obec ateomsl cpa ment amd fe 
coharceng bemefts of [T arc moe emewerssl however Nelo 
Veade CR) Nev cmd TRoeget: of tee feta Hoge 
(beffoed Seofl (1995) repecsents ome popelanzed craguc of 
clemes aboot the «xu! pavoff of TT (axchadmg cducateons! 
bemefits) Ackiteomally). «tote Larry ( aha (104) Ras re 
peated rancd the gucston “sowh) computers ke uscd © 
classcooms””. and pournalest Todkd Oppenibcemer ( 1997) has 
cuphowed tie sageefnant chacateons! oppertumet) costs that 
may crmerge eth greaict spereiemg of FT The furntamecneai 
chem of Computer-based mtractson and other [T-Dased 
cdcatnoma! toc fmodagees os hat cw Cont cfectrnemess Com. 
pared to offer formes of mstracteom 6 for Cuampéc. smaller chases 
sures. sett-paced icarmemg. pect tcachemg smal! group carp 
mg. aamosete curricula and ee~<ctess tutors «fas eewer been 


re 64 epee ry ae os 


IT and the Changing Nature of Libraries 


Hutorcally. the pulda bbeary has played a central 
roe 25 af imformstion meseaurce m Ameren COomenuRi- 
mcs (salbup polis udscate that the muagorty of Amencar 
adwits stoll regard the puddac library as 2 key center for 
obwsheons! support. mdepeadent icarning. research. 
.otwmumty formahon. aad reference resources ( NRC 
wes0) Not sarpersimgty. tie | aoted States Ras tie most 
cxtemssve puta lebeary system @ the word and morc 
tan ome-falf of the adult popebation and tires quarters 
ot xdotesoem chvidren usc peittx lebranes 

Wort the advert of acw mmformatzoe tecftmobtagecs. the 
nature of bear mformatioe resoarces ms chamgeng Elec - 
‘Toma information serveces ae mxrecasunghy Commos. 
ome ( D> ROM Gatatases remote dstebase scarchung. and 
OO jome .2tabogs arc avanlaike om more than Ceo-thurds of 
the . S pet¥n bbranes that servece communstees of 
OF) G0® of more mdrvaduals Networks allow hibrancs 
b> beverage thew resources through mecrhbeary loans and 
nave stumudated tie development of the ~dagrtal brary” 
2 comeope that reflects the gyn zatoe of kbwary resources 
om’ .odlectaoms Thee abelsty to store aad tramsenst mriucd- 
moda resources isce the text drscussson of dagetized 
hescurns) gnes greater agmificamce to sonpriat mfor. 
Tato rosowro]es (such as sound rocordengs and +rsus! 
Teages) and tay stumeiated bbcanams to cipand and dh. 
veTuty) thew mformanon management shrlis Secward 
shop of library information bas mowed from a 
som ase «meade! of on-site materials t\ 4 ~paH-m- 
tome mode! of resource acocss and sharung 

The Insermet bas sagmefacamth cipamded the resource 
nase of pulibda lebeanes LsOeary -based scores prow ues a 
number of advantages to Amencans First. « os an af- 
‘ordabéte. cgurtabie and ubequrtows poent of access for 
mod OetTwort mkages are haghh respomsvc to the aceds 
of tke boca! Commansty and can facuirtate more effectrv< 
eactwork wee Therd the lebeary com oct os on chectroex 
g2tce as & omformaton for peopée eho wowhd aot other 
erse have socess to the intermect 

Barrets © b@rary commectrvaty cust. as cwedenced 
by the relatrvely low leve! of library leakage to the 
interect Less than half of pela tebrarves (45 percent) 
were commected to the Interact m 1996. 2 figure that 
masks Comsaderatée varwaton Py Commmmumerty sare ics 
than oec-therd of bbranecs = commmeanstes of less than 
< OF) ouneiry odes had letereet scores (3! peroemt) com- 
pared t the 8) percest of hbeancs ser ing metropotstas 
arcas ower | malboe people For the roughty 500 hdrar- 
acs that serve metropottan arcas of 100.00) of more. 9} 


percent offer iInmermct aoCess to the bibeary staff. aad onc- 
tualf offer acoess derectly to patrons (ALA 1996) As ac- 
cess foes decleee. @ o& tekely that more libearcs will 
cxvMmet to the Imeermet repecsentatives of more than 70 
percem of those bivarncs aot aoe commected say ticy 
pian to do so wethen the acut year (ALA 1996) 

in comtrasm. scademec bibearnes arc teghhy “wared ~ but 
eth vanahoms by type of mmstituton Assox utes degree 
colleges lag other rastitut=oms of higher education on 
mow dumemuons of chectroma sOCesS to resources. w- 
chadung dorect patron access to the interact. the svail- 
ability of clectromsc catalogs. and the library's 
development of ts own hoeme page for students (Ser 
fogure §-14) 

For more informatzom om the sudstamtial changes m 
hbeary activities related to the use of IT. see NRC 
(1 934>), Lyman (1996). and Lesk (1997) 


Figure 8-14 
Acadere: Sbrary access to etectromc 
resources 1008 


roar of erares 
| ie SF a cage 
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prowen (Rosenberg 1997. Cuban 19M_ and Kuhh and Kobh 
19) Altowg> real [T bearnemy bemefts havc been measured 
an) Gcrmomsirsted «fhetiner Ue maagmetuade of those Dome fits 
suffcoenths large to pastit) tmetng otter stood Curmcubs and 
PeUgTaT™ § ape &) queso 

The Dedget news and ehacatons!l opportumty costs ay- 
socuated with IT are not treveal. In a repest to the US Adve- 
wry ( committer om the Natoma! infocmaton iafrastructurc 
McK mscy and ( company (1995) cstemnated that about | 3 per- 
oem of the naona!l whoo! Dedgct ms spent on msaructonal 
tocimotagy Herghteneng the bewe! of TT am K-12 putts schoods 
would soguare ranung thes share to as cuech as 3 9 percent. 
depemding on the degree of [T mntensaty desered ~ Thes spend- 
wg morease ss for hardware only. and docs sot mchade IT 
opetatwma! cipemses of the con! of teaciker Wamung. a sag- 
net ant factor m the cfiextrveness of computer-tused mstrw - 
wee (LS OTA 1995. MeKemscy and Company 1995. Ryan 
199). amd PCAST 1997) Yer mffanoe and the cxpanding 
~ teen-age Populumon a Count for almost all growth m «tea 
teadigets. the MeKumscy report states that omhy | 6 percent of 
the growth =m per udent cipemaistures ts avartabtc for [T and 
other drcretomary spemdong. ox bademg busking reper and 
atmg costs of [T hardware Because «hoo! dewrects arc un- 
dcr mercaung frcal trem. copamdemg IT resources could 
mean Cutting other enporttamt programs (lppeniacemes | | 997; 
Getasls sacrifices im art. musa. pirysecal edcamoo. vocational 
trade | shop) Chasse. and texthood purchases that have been 
mundc fo computers The acgatrwe ompacts of these sacr- 
feoes om hearneng and pod shalbs arc mot wally comsadered m 
the growing emphases on (BI Also aot comsadered ss the 
pocentnal dex ime of ~codkaseral” and cupenental learning hat 
> OCU 2s More wistructsom ms shrfted to the computer 
‘( wham 1994) 

(mar umadervtamdeng of the icarmeng umpacts of ( Bi is prunes. 
tee The research repocted befow does find systcmancalh 
Pesstve bearmang benefits assocusted euth computer usc m 
schhowts but the magnetude of the benefits os often modest 
amd varses by level of edecatpon. characteris of the icarn- 
ery. Charactenstacs of the mstructon amd teachers. subyect 
matter. and type of computer application CBI is 2 broad cat- 
oper) that Captures Computer -assated omstractoe (typecalh 
Gril -and-peactice cuctcrses of tutors! mmsirucbon ) computer. 
managed umstructon (tic Computer maomstors student perfor. 
mance amd progress amd guades studemt use of mstructonal 
matenats) and computer-cmmcted mmstractson (the Computer 
fumcteoms as a proficm-sotvumg too) ( ategones of software 
we art oven more citemenc and mxchade geacrx mforma- 
tom -tandiomg tots reai-teme data acqurston wmuistom 


for Champ charey adngese Fage } oemmuncr cate aml bert 
-MK Tne We Bar a Mee om) ater: . Leer Serpe omeer of tall me 
weenie ORE bene” came Tem amet «Mees tenet. Tr VM & me 
otper arte fee wherme meee. wet comme, ont: 


Crapper € fcorome: amc Sone Sqrtcarce of mormator lectroages 


SN 


multimedia odwcatoomsl games Cognitive tons intelligent 
MOS ORM TRO om womments vutual Comm. 
formation aOCcks co wonments information comsinxtoe 
o™ womments amd Qomputcr-aaded imsinaton (Ruben |W) 
Software (commewarc) for mguary-based learning” the ul- 
umatc goal of most CBI advocates and the most cogmineh 
demanding form of kcarmmg 6 m short supp Thes resource 
defxeemy maa be ome Cause of the lumited mcasurabie om- 
pacts of CBI om hagher order thanking shill; and icarning 
(KebA and Kock 199). PCAST 1997. and McKimscy and 
Company 1995) 

Research data suggest that (BI appears to be most effec - 
tee eth rote hearmeng of the chemmentary school vel and m= 
specu! cducateom sctiengs (that sm remedsal work. of « th 
how acheevers of those with kcarmang drabelnes) The mpact 
of CBI oe crtacad thanking and syathess shill ss muach harder 
w demonstrate Abo unica ms how w mausmeze the cffex - 
tenes of CB] om the classroom empencal stuches offen a - 
count for 40 of more comic taal vanaiies reisted to icarnung 
and mstractzon Schofichd (1995; shaods laght on thes conte - 
naa! compicuty of Computers amd hearneng m her detarked new 
year cae tua) of Commputcr usc af a typecal urban hegh «han 
Hor funders demomstratc how the sac! organuzainon of the 
toot and Classrooms affect Computcr-retated bcarmung. be- 
hat atthe amd outcomes On balance. Schoficid found 
that Computers aggravated pec-cursting differences betecen 
aademecally advarced ad rogubar students. bows and guts. 
apd cothege howd and moe-codkege bound students 

Computer -Qused matracton chearh docs mot take place m 
2 vacuum bet systematxn understanding of the wu! and 
cogmine wompécuty of computer-based icarning ms hnsted 
As the Presademe's ( conmattce of Advisors on Scucmce and 
Techmotogy. Pane! on Educamonal Technology. com haded 
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Over the past 20 wears, computers and other mformanon 
techmotogecs hawe boon diffused euch m the 1S K-12 ode 
camonal system =“Nvemety-coght percent of all «hooks have af 
teat | macrocoengeuter for mstructeona! usc. and shout 
percent hawe 15 of more (sce figure 8-5 cartecr m thes chap- 
ter) One-half of 2 school’ mtructonal computers are bo 
cated m the classroom. 37 percem arc located m computer 
labs. and appeon mrmatcth |} percent are placed im other putin 
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oe ated titer dem gpiemcs © “icta-amaly ses pom ics 2 ea of 
Mamdatiksing “ac Malina! roswits of quamisdaine roca? 
~«) (eat ceiiapkc Mudecos Car Se Jormparcd on 2 fcloaitic man 
act Abowl 2 darch mcle-analysc hee hoon com@ucted an 
te cfhects of Komnpetecr-fesed ewtractban oll of etch find 
homtne (though mot moocesatth large) lcarnmemg cflexts The 
magretade of icarmag cflocts \atec across 2 how of Comb 
Inamt. uh dadamg Tepe cf ametmacteam suteort maiicr Curate 
of the CAgecTimetdial (calmcm ated dogroc of toa fact tram 
(etented mbar Thain om Mache amal sos 2s on ORC ETAL mg Macth 
adoiagy © proscwiod here. 2s afc ler) oacta-amalvecs of tac 
ompacts of ( Bi on procodiege lcarmeng Thos studercs dbus 
tratc the mcthdbotagy of meta-analyses the rowultemg mets 
ated the camer pertain of sah mectrxs 
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Children, Computers, and Cyberspace 


t.ducaton echola Larry Cuban ance romarbed that “uf 
ube full onflwonoe foth poxctine and aogaine. of ick naan 
eaiheng on chukdren comtinucs to be debated three de- 
aes afer mtradecborn how Can anrvome assess Ge CoMm- 
pious of what nappems to chiidrer using classrood) 
oomnputcrs (1 o, P $37) 

The Comparntsan to tcl mean is pertmnest. somo mann 
of (he comoernm rassed show chaid@ren computers. and the 
internet are sammie: to those ressed m the past for T\ Of 
parbouter concern ss the pycholapcal and cmonanal wel- 
neem of Cteldren ( yhergnace bangs as own set of poten- 
tra! dangers to chiidren. incleding cyberhate and 
ovmerpern = form of adult cupressan thst chekdren magix 
mot te etic to humdiie 

The cuter: of the protiem the access t) chukdren to 
age mappropnatc matcnals on the imernct os deheted m- 
tenschy The case woth wtech chekdren saa access scxuaih 
cxplast custeruads rs Gespasted (see Copy | 986). but comgres- 
sonal testameny (U.S Senate 1995) and case studies 
(Turkic 1995) rewea! that young poopie can cashy obeasn 
gragtxc sc.ual ptograpts and cngage wm “netec, on the 
imeruct. ome young Soon aheo reported heeng clectramcalh 
stalted on adult eho chearh kocw che was 2 mor 

The pewnary iogrsdatree effort to protect canidren om tine 
imternct was the ( cenmmuneceatoms Uecemy Act of 1996 2 
ee chal caade pron dmg “omdooem «maicrial to mumor over 
the internet 2 crume The act eas deciared uncomtmunona! 
by the Supeeme Court @ 1997 (Remo © American Ciel 
Labertes Umeon) for a wanety of reasoms. mchadeng the 
tact that ingeoert material has Comustemth heen protected 
as @ form of fee speech m the United States. (The Se- 
prom: ( curt has Aestomcalh made a distinchom heteocn 


wndccem and obscem maternal. ahaconmmty 1 mot protected 
under the Furst Amendnnent ; | ammateng cluidren s access to 
cupgropnaic nstcnals has aoe hecom 4 iechnodagaca! 
challenge. rebving an such filtering software as ( yiner Pa- 
oel™ and CYBERewaer™ Adult venficapon systems each 
as Adu Check” aso are becommeng more commen Nate 
thet chukdren + vulneratelty os not lemmed to scumaih o- 
Pact matenal paremta! oomoerms have sito heen rasecd 
wth regard to imernct veokemoe. hake speech docepene 
advertrseng. ~“faisc from” Web sacs and cxpbostanon of 
ctuldren s pracy 

Cancers show! core pswchobogecal processes «euch as 
seif-dewerty have ale heen crammed Sherr) Turkic. 2 
bets vars! scacntrst who ctudess the enpact of carhy and 
Protonged use of Computing cen woements an midren. as 
unowecred patierm thet suggest the computer culture 1s 
act bemgn ( cenputing and Cyterspace may thu chekdren 5 
abeisty © + operate the inmg froen the mansmate. comernbd- 
ute to Ccapesm and cmotcmel dctactment stun! the dc 
velope rom of a seme of persomal socurtty. and creaic 2 
tryper-flued semec of sdemtety (Turkle 1984 and | 995) 

Whwke there may be pevchobogacal benefits axncuatod 
woth Wommputer-meduated reality | onchadang grcatet cope. 
tty for those of drfferem cultures. sox. or cthencity  hewghe- 
cned adagtateis™ and a more Soubte cutionk an trfe | the 
“darker sade of the teochmodagy s suncthetess unsettling 
Turthe raeses the poxssbolsty that cutemeve aierect.on woth 
ovtenpece cospecuih through mein-aser doamams) can 
create ondr duals ncapsitc of Gealeng « ah the mewaness 
of reaiety. the aeods of commmunety bunideng and the de- 
mands of persona! commutments ( Turkic 1995) 
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Micta-analysss is a ncthod for Cummbumang ti sista a) 
results of rescarch studies that test the same genera! 


hypotheses and usc the samme Matistnce) menses Micta- 
anah sas related te ( BI focuses prmanh on the emact of 
mnpetct usage on Mudem icarmeng sithuugh othe: odwa- 
DO OV OTS may th wedbod isch 2s atte tonard 
omtapict>s slletadks jomard «tees suet. snd amount 
of tome nooded tow castructeon : 

As dowcwesed hore mcta-amalen veckds 2 tamdardizod 
met called an “effect aze ” Effect sere 2 wore thet mce- 
wares the differemoc on porfowmamc betecer cupermmemial 
and comin grows tor CBI cfloct suze os hased om the per- 
totam ct LO and CLRCTMmecttal grow of a Common 
cVammenstron As a met. cflect ware ms cupecssed as a pro- 
mtn of standard de watom ia s-sorc: and has 3 peroentiic 
oqun ation. ot sho Comrots for the mnfluomce of sample sarc * 
The z-score reflects how much heme: (or worse) the cupen- 
moma group perioemead om an cian rciatnc tw the mean of 
the Comtrol growp faampics of cfflext ares and thes omer- 
pretation arc feunaded thelow om tix dirscumwon of qnocfx 
micta-smah in noscarch 

Micts-anaiven os vahusitke for two bey roan Foret. ot al- 
wma roscatcher to cummulsic and umtegratc the fradangs of 
mmultapkc tudes ( partacularty those that atc small en sure) ome 
suangke meme of cutoami Sooomd of cstumatos a spefx 
Tagtwdk for an umdepomdom .anaitc s omgact (ihc sncth. 
ods that aggrogatc drvorse tudor. such as tales and “hn 
swore mmdacate ovcrall paticrms and tromds om rescarch fend- 
umgs Sut do mot cstemate the degree of wnflucnce of ome var- 
atic om another 

Mecta- ana was has 2 namie of potontial ecabpcec fom. 
ever Ferst, bemsed ot flamed sadhes when comeisied oll 
geneTatc Meased of flawed meta-anahses Socomd for sme 
types of meta-anaivens. aggregative data can lcad to 
Sompeons Paraden” an cwtcomme om whech the ststrstacs w- 
date 2 rclabonshep oppomatic to what actually accurnng 
Swapson » Parades ms most bikeh to occur woth the aggrogs- 
ban of categencal data wach as that of mek assceement (sec 
Lmts 1986) Therd the results of mete-anahvess are poset cat. 
mates that they arc sanghe nummer: Values (7-scorcs) wath- 
ona reference to a comfademce omervai of samme cstmuate of the 
procrecn of the catumatcs thomactves As a Commaguemoc. mete 
amat ses 7-scares reflect 2 level of unmeasured uncertam 

Metz-anahvsers therefore reies upon mporus research de- 
gms to avoed potential petfaihs Teo factors affect the omecrall 
quailty of a meta-anahta tad: | Hemicman and Seman | v7 
and Las 1) Une lace © the doceean shout «tut pep 
mary research to mchade om the syntheses decal anh re. 
search that reflects ciperemental and guaw-cupe>umental 
dewen souk he used urpct grou whowhd Coesann lange mur, 
ners (typecaihy 20 of more unts of o&sern suam data on means. 
Sadar GO wats. ated samc sures shohd fe roped and 


Neadacs oe mat wage ee tons a UK aie. a 
otek ump Gade tac onal arm Micte am. cme bor oar 
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he mecer Gates al ote 
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mctinbogn wih Mamod vedo teow Ne cimenatiod Non 
the amas in thes way. omh the most mgoros staders arc 
wmiuded ke synttieses. Sood hese meta anashwes ment 
coum to 2 lange Gummer of other factors that can poten. 
teadhy affext the depemder \ anaittc Conding of these addons! 
tactors must ke partecudarh proce amd cumastomt As a com- 
<yucms the mcta-amalses roscanch desagn must Conta 
een remotes foe Ctockemg otra. amd ow umict~codkes rehseiety 
The raw studecs reported decks Conform to the general re- 
qurcmcms ioe progeet mcta-anahsrs and aoud the most Coen 
mom pottalls aan sated woth thes te of nowcarch 


Meta Anatyses of Computer-Based instruction 

in pomcral tredsomal bncraturc nonce s amd ten - core tal. 
be of computer -hascd emvructan roscarch onda sic poetic 
effects (BI apears to result in wme dogree of obser atic 
actecvoment cffect most of the tame. but mot ahewys Mete- 
amahvscs try to quantity procect the magnitude of these cf- 
fects. cnet a doven mcta-anaivses of ( BE Covering precolloge 
and puntecoomdarny odwcatan func foot Comducted © Three 
omen sham anc worth moteng here 


@ in thew rece of |) macta-anatescs. Nacmoc: and Walherg 
(1987) fend cvademoe that cfflect sures for tagh school and 
colleges tomd to the smaiiicr than for chomentarny «hoo! and 


students auth y@ecual bcarmng moods 


@ There os sywicemamc condone that ( BH cffiect sures arc bagher 
an the putieod i@craturc than on ungwiténhod Gaoumens 
sach as dwcrtaoms confermmce aapen. techmcal reports. 
and Protowsceul prowontatom Victa-amah sc maw come 
guceth imchude moegeiteshed rowarch fondamgs to aond 
woth postine catematcs of the empact of ( BI om @udem 
carmimg = Thc Teo mcta-anahscs drwused im deta! here 
(Kobe and Kok 199) cad Ryan 199! ) take care to ochade 
2 anets of mompadtirsitew hacraturc m thew sy mtheses 


@ The meta-anatvecs combucted to date cower CBI omby froen 
the late 1 Oi to the wad- to late 198K Therefore. thes 
studaes do reflect dhe suhag! Changes on Computer 
nandear odwsbomal wftearn tcache proparodncss and 
“vies of Compuact-hased tcacheng amd Scarteng that mun 
have cated mm the | Fh 


Ruled and Kuish (199! , periormod 2 mcta-ansivers om $4 
Seches conducted betecen 1966 and 1986 The (BI cffec- 
tremess studees omchaded m the meta-anahvers reflect (|) all 
ievels of cducatiom = precallege and postsocomdary. (2) com- 
trodied cshustoms om real Claswraom settomgs not bahorato- 
me amd (3) resxcarch free from a suminer of methadoiagaca 
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ah 
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eah competcr aw. = aed (4) mot afl ( Bi has 2 doomoenstraiic 
xtecomen cfloct 

As a ound CLampic of omctz-amahses cfloct sures for ape- 
isn aac suleects varcd from 0 10 for wecmce (Som 
pevoemiric) U 2S tow readumg amd language (th peroomtstc | 


amd > * tow oatincmmatacs (Sth perocetnic | \itthoagh « mun 
he lomgvang & comchude fromm those mactracs that ( Bl es mace 
cfhatnc foe mathomatecs than o@fact satgects these saute” 


meatier ferences on effet sere were mot stgtrstacalhy segnef- 
_ateoom Ue Mcte ama wes 

Whom proemicd as peroomuke ogunahemts ce as fractors 
oe hamdiard Go uate germs of  OOMputet-aesested amar - 
(Oe appear meadow Amother aan of mterpecteng mcts-anah - 
~» offect are ns as grade-ogun gion sores whack pro ade a 
more COmeTete seme of mmpact (Ryan 1991) Glas Mole 
amd Seneth ) 78 |) reget that on chementan whom grade ies - 
ote Ue suamdard Go wsiaom om most acta cement tests mn the 
ogen sient of ome grade bevel As a comogucnce. a0 % effect 
are ehat ss ogunaion to 0 M standard de wsnom. reper. 
Ts 2 gam ft ato | to 4 months of astructon assummang 
im «hem years showt 4 to 10 mcmtis tomg hes andscates 
Nat sheet throe to four oowtiis morc kcarmng accurred thar 
wkd generaih te capected m a «hao! wor Homcver. be- 
auc the Kui and Kalet cflect ares reported ame are for 
noen chomontan amd scoomdary «chests they Cammot he macy. 
wreted om grade-cgur phem gaan 

Ryans) (99)) mecta-amabyses of the cffects of macracom- 
pulcts © aemdcrgance through wath grade actecscmen can 
Ne repemtiod om a grade-ogun ahens bases Her meta-anaivers of 
#) tudes © Comducted Reteoem | S84 and | O8? found an mcr. 
all cffect aze of © 478 Thus the average K-6 student wsang a 
me. TOR OPTIC as 2M ett! ta! performed am the 6)ad 
percomtlc om tests. Cowmpared to the “th percentile for the 
ectage A+ studers who dad mot ase 2 mecraccenpatcr Rvan 
Cupless thas 

we cfiect wre of SOF mca thar the effect of compencr 

STO PON ME. came ated greener thas the cflect od 

SEP Ghowp earectaan be tore of grade—ogur ahem amt 

SM can Ne ommerpectod as come therd greater tha the cupeciendt 

fet 7 bt Cae ARG wor cmaach | smoemti addmcms! gar 

@ (grade level] ip 171) 

Rian bhow ne Cahumted several sets of varuaittes other thar 
CBl tut may tave had am ompact on effect are (Soe teu 
tate §-6 ) Of these varuities. only the degree of teacher 
pectramomg 42s statestecally sageefscamt in cuperememial 
groups eherc teachers had fewer than 10 hours of Computer 
pectranemg the cffect ure of ( Bi was mogingstic and om wer 


MEA. Ocgstine in grows ater tcacher pectramang c.- 


Thee tagttar CAIN Sr or Gander. peewee, Nether 2 at aera 
wns mae orf” wc oat wan? cfc ccm? from Qe green ene 
fee amd Ae ae mde ada precy te + aa moe an tmokag: amd mer 
OME eet a Ga cia of Ty itm eat! 

“Rat gem Rad a pene eT ot NgETE wate Cone om tang he 
“Cer TENCE: Tse Oe aad: orfen” RET NEEE oe QEEe IgE mene Oo 
ee ee ee 
2 Re Pesce amd ct Grou | wnt Bae Mx came ew gh ecee: 
o* wager 


ceeded 10 hour. the effect saze was 6 4). courelent to ome- 
halt 2 <tr voor gan oe With porcenteb perfoemams Ryans 
Tomdamgs rountowce otiner stander that ademtity the Crucual rode 
of teacher preparedness mm cffoctve CBIIL S OTA 1995 and 
PLAST 199") 


Computers and Aiternatre instruction 

( omaputcr-Masod mina tam . an ale fe ea orporated imo 
corm tied icarmang om woemmemts fexlatong the CMe ts of Com- 
puiets om tho sherman’ approaches to oduceton os deff). 
sam bet the postin compacts of the full emrractomal package 
few several speceal projects mere mote Cine os the Hagher Or- 
der Thambeng Shelis (HOTS) Program an mtcrvemmon peo- 
gram toe comomaaih drwad: amtaged Sudemts op the fourth 
through «onth prades Students were taken from thes trad. 
tama! Jiao amd Laugh! through an mmm stn Cur 
cum thst miograted  cenputcr-zurted invinaton drama and 
“xrata method Students on the HOTS Program outner. 
formed ther draad antaged wuskents in a Comer group oe 
ail mcasurcs amd had dowhec the natomal mcrage gam oe 
Mamdandiured tots on rcademg amd mathematas (( ow and 
Lectename 1997) The Baddy Progect om indiana mm wtech ao- 
Sete, om sor Claswowem sere gnon hoeme Coenputen 2h 
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